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INTRODUCTION. 



JLHE great practical use of machinery to a 
commercial country is so well known, and 
its superiority to animal force so universally 
acknowledged and felt in every branch of our 
manufactures, that but little apology will be 
necessary for introducing to the man of sci- 
ence and practical artizan, a work, the avowed 
object of which is, to render the uses and ge- 
neral principles of the Steam Engine familiar 
to every class of persons. That it has enabled 
England to support a proud pre-eminence, 
both in arts and political power, is equally 
apparent; and it is a fact much to be deplored, 
that while some of the least important of the 
arts connected with domestic life, have been 
illustrated and explained by men celebrated 
for scientific research, a description and ac- 
count of the uses of this stupendous machine, 
have been left to the Cyclopaedias and other 
works of a general nature. 
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The principal object to be attained by the 
employment of the Steam Engine, as well as 
every other species of machinery, being the 
reduction of animal labour, it may be advis- 
able, before we proceed to the more imme- 
diate subject of the present work, to com-* 
pare the various species of artificial power 
that have hitherto been employed for that 
purpose; and by this method we may be 
enabled to calculate with certainty and pre- 
cision, on the most economical mode of pro- 
ducing a given force. To form, however, an 
accurate estimate of the saving thus effected, 
it will be necessary to examine, though but 
briefly, the amount of animal force and its 
result as applied to machinery. 

From the most accurate observations, it 
appears, that the physical powers of the hu- 
man race difler very widely, not only in va- 
rious individuals, but also in different climates; 
the value of a man therefore, as a working 
machine, will not be so great beneath the 
torrid zone as in the more temperate climate 
of Europe. This will serve to illustrate the 
great advantage which our Colonists, parti- 
cularly in the West Indies, would derive from 
the more general employment of inanimate 
force ; the day labour of a negro in the sugar 
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countries, amountiQg to little more than one- 
third of that performed by an European roe- 
chs^nic. 

A labourer working ten hours per day, can 
raiae in one minute a weight equivalent to 
3750 pounds one foot high, or about sixty 
cubic feet of water in the same time ; while 
the power of a horse working eight hours 
per day, may be correctly averaged at 20,000 
pounds. Smeaton states, that this animal, by 
means of punrips, can raise two hundred and 
fifty hogsheads of water ten feet high in an 
hour. It is a well known fact, also, that men 
when trained to running, are able on the 
average of several days being taken, to out- 
strip the fleetest horse; and yet it will be 
seen from the above statement, that his force, 
if properly applied, is at least six times that of 
the most powerful man. 

The use of water as an impelling power, 
both for the turning of machinery and other 
purposes connected with the useful arts, ap- 
pears to have been known at a very early 
period. Vitruvius describes a variety of ma- 
chines for this purpose, the earlie&t of which 
were employed merely to raise . a portion of 
the fluid by wliich they were impelled. The 
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most simple method of applying this element 
as a mechanical agent, evidently consisted in 
the construction of a wheel, the periphery of 
which was composed of a number of float- 
boards. This, on being exposed to the action 
of a running stream, was afterwards employed 
to give motion to a variety of mills, and is 
at the present time employed in almost 
every species of machinery. 

Among the most celebrated hydraulic ma^ 
chines, we may enumerate the Machine of 
Marly. This, when first constructed, appear^ 
to have produced one-eighth of the power 
expended, so that seven-eighths of its power 
were usually lost. This misapplied power has 
been injurious to the engine; and the wear 
it has occasioned, has reduced the mechanical 
effect very materially. But this may be con- 
sidered as an extreme case, and we select it 
merely as an instance of that total ignorance 
of the first principles of mechanics, which 
characterised some foreign engineers of the 
last century. 

It may,, however, be advisable to examine 

the ratip of power expended in comparison 

with that of the effect produced in some of 

i the most simple hydraulic machines ; and by 
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this calculation, the amount of friction, &;c. 
-may be acctirately ascertained. 

•' •^ Power Effect 

Undershot water wheel 9 = 3 

Overshot do. 10 = 8 

Hydraulic Ram. (This machine 
will make from 20 to 100 strokes 
per minute.) 10 = 6 

Large machine at Chremnitz, 
(each stroke occupying about 
three minutes.) ^ .^ 9 =: 3 

But the water-mill, which is the usual ma- 
chine employed, even in its most improved 
form, is far from being beneficial either to the 
agriculturist or the manufacturer. The for- 
mer is injured by the laws which prohibit the 
draining of mill-streams for the purposes of 
irrigation, by which much improvement is 
kept back that would otherwise take place ; 
while the health of the latter, in the imme- 
diate neighbourhood of manufacturing dis- 
tricts, is much injured by the stagnant con- 
dition of the water which is thus unnecessa- 
rily dammed up. 

Wind, which we may consider as the next 
substitute for animal power, appears to have 
beien first employed to give motion to ma- 
chinery in thej3eginning of the sixth century. 
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The use of this species of mechanic force^ is 
however principally limited to the grinding 
of corn, the pressing of seed, and other simple 
manipulations ; the great irregularity of this 
element precluding its application to those 
processes which require a continued motion. 

A windmill with four sails, measuring 
seventy feet from the extremity of one sail, to 
that of the opposite one, each being six feet 
and an half in width, is capable of raising 926 
pounds, two hundred and thirty-two feet in a 
minute ; and of working on an average eight 
hours per day. This is equivalent to the work 
of thirty-four men ; twenty-five square feet of 
canvas performing the average work of a day 
labourer. A mill of this magnitude seldom 
requires the attention of more than two men ; 
and it will thus be seen, that making allow- 
ance for its irregularity, wind possesses a de- 
cided superiority over every species of animal 
labour. 

To shew, however, the great advantage 
the Steam Engine, even in its rudest state, 
possesses over mere pneumatic or hydraulic 
machinery, we will now examine its effec- 
tive force when employed in the working of 
pumps. It has been already stated, that 
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the Machine of Marly, formerly consider- 
ed the most powerful engine in the world, 
when first erected lost seven-eighths of its 
power from friction, and other causes ; while 
the overshot water-wheel which can act only 
in favourable situations, produces nearly 
eight-tenths of the force employed. Now 
it is stated by Dr. Desaguliers, that the at- 
mospheric engine working at Griff-mine, 
nearly a century back, produced full two- 
thirds of effective force for the power em- 
ployed ; and this too at a comparatively 
moderate expense. We find, farther, that an 
hundred weight of coals burned in an engine 
on the old construction, would raise at least 
twenty thousand cubic feet of water twenty- 
four feet high ; an engine with a twenty-four- 
inch cylinder doing the work of seventy-four 
horses. From this it will be seen that a 
bushel of coals is equal to two horses, and 
that every inch of the cylinder performs nearly 
the work of a man. 

An engine upon Captain Savery's plan, 
constructed by Mr. Keir, has been found to 
raise nearly three millions of pounds of water 
one foot high with a single bushel of coals ; 
while the best engine on Newcomen's prin- 
ciple will raise ten millions, and Mr. Watt's 
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engine upwards of thirty millions of pounds^ 
the same height. If we add to the advantage 
gained bj the employment of so cheap a 
prime mover, the vast concentration of force 
thus brought into immediate action^ its value 
may easily be appreciated. 

One of the largest engines yet constructed, 
is now in action at the United Mine in Corn- 
wall k it raises eighty thousand pounds one 
hundred feet in height per minute : and to 
effect this enormous labour, it only requires 
about thirty pounds of coal for the same pe- 
riod of time. 

To the mining interests this valuable pre- 
sent of Science to the Arts has been peculiarly 
acceptable; as a large portion of our now 
most productive mineral districts must have 
long ere this been abandoned, had not the 
Steam Engine been employed as an active 
auxiliary in. those stupendous works. In 
draining of fens and marsh lands this machine 
is in the highest degree valuable; and in 
England, particularly, it might be rendered 
still more generally useful. In practice it has 
been ascertained that an engine of six-horse 
power, will drain more than eight thousand 
acres, raising the water six feet in height; 
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while the cost of erection for an engine for 
this species of work, including the pumps, 
will not exceed seven hundred pounds. This 
is more than ten windmills can perform, at 
an annual expenditure of several hundred 
pounds; while, in the former case, the out- 
goings will not exceed one hundred and fifty 
pounds per annum. 

To the mariner, also, the Steam Engine 
offers advantages of a no less important and 
novel nature than those we have already de- 
scribed. By its use he is enabled to traverse 
the waters, both against wind and tide, with 
nearly as much certainty, and, as the machin- 
ery is now constructed, with much less danger, 
than by the most eligible road conveyance. 

In proof of the speed of these vessels, it 
may be sufficient to state that the passage 
from or to London and Margate, which is 
more than eighty miles, by water, is often 
performed in the short space of six or seven 
hours ! It too frequently, however, happens 
that the faults of any new invention are un- 
justly magnified, while its real advantages are 
seldom duly appreciated ; and this axiom has 
been fully verified, in the clamour so unjustly 
raised against the application of the Steam 
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Engine to nautical purposes. Accid«its 
are now, howerer, of but rare occurrence; 
and it is more than probable, that the great 
improvements that hare been made in the 
boiler and safety-valve, will effectuallv secure 
these parts of the engine from a recurrence 
of those tremendous explosions, which unfor- 
tunately characterized the first introduction 
of Steam Navigation. 

And, lastly, the political economist must 
hail with the most heartfelt gratification, the 
introduction of so able and efficient a substi- 
tute for animal labour as the Steam Engine. 
It has been calculated that there are at least 
ten thousand of these machines at this time 
at work in Great Britain ; performing a labour 
more than equal to that of two hundred thou- 
sand horses, which^ if fed in the ordinary way, 
would require above one million acres of land 
for subsistence ; and this is capable of supply- 
ing the necessaries of life to more than fifteen 
hundred thousand human beings. 
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As the whole power of the Steam Engine de* 
pends on the employment of elastic vapour, pro- 
duced from water at different temperatures, vary- 
ing from 212"*, or the boiling point of Fahrenheit's 
thermometer, to 300^ of the same scale, it may 
be advisable in the first instance to examine some 
of the principal phenomena connected with the 
formation of vapour in its most simple form, and 
its application to the steam engine will then be 
sufficiently obvious* 

B 



2 Hisskricai Aitammi 

Steam is higfalj rarefied vitcr. the partiries of 
which are ex[»aded hj the absoqilioB of caloric, 
or the matter of heaL Water rises in rmfoai at 
all temperatures, though this is iBBaHj supposed 
to take place only at the boOiiig point: when, 
however, the evaporation occurs bdov SIS*, it is 
confined to the sur&ce of the fiuid acted upon, 
but at that heat, steam is fivmed at the bottom of 
the water, and ascends through it, preventing its 
elevation to a liiglier temperature, hy carrying off 
the heat in a latent form. At the common pres- 
sure of the atmosphere, one cubic inch of water 
produces about 1700 cubic inches of aqueous va- 
pour or steam ; but the boiling point, as we have 
already stated, varies very considerably, and these 
anoraalies materially effect the density of the va- 
pour produced. Thus, in a vacuum water boils 
at about 70% under common pressure, at 212^ ; and 
when pressed by a column of mercury,^ five inches 
in height, water does not boil until it is heated to 
2 1 7** ; each inch of mercury producing by its 
pressure, a rise of about 1 ^ in the thermometer. 

According to Dr. lire's elaborate experiments, 
the elastic force of this vapour at 212^ is. such, 
tlmt it is equivalent to the pressure of a column of 
mercury 30 inches in height ; at 226.3% to that of 
40 inches; at 238.5% to 50.3 inches; at 257.5% to 
69.8 inches; at 273^7% to 91.2 inches; at 285.2% 
to 112.2 inches; at 312% to 166 inches; and Mn 
Woolf has ascertained that at these temperatures, 
omitting the la$t, a cubic foot of steam will ex- 
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pand to about five, ten, twenty, thirty, and forty 
times its volume respectively; its elastic force, 
ivhen thus dilated, being in each case equal to the 
ordinary pressure of the atmosphere. 

One pound of Newcastle coal converts seven 
pounds of boiling water into steam ; and the time 
required to convert a given quantity of boiling 
water into steam, is six times that required to 
raise it from the freezing to the boiling point. 

To shew by direct experiment the great expan- 
sive force of vapour from water when converted into 
steam, by the application of heat, it will only be ne- 
cessary to take a glass tube, at one end of which is 
a bulb of two inches in diameter, and dropping into 
it a single spherule of water, the diameter of which 
will scarcely exceed one tenth of an inch, or about 
the eighteen hundredth part of the size of the glass 
bulb, we shall find, that it may very readily be 
expanded Hby the application of heat, so as to 
expel the air from the vessel. That this is ac- 
tually the case, may be shewn by merely plunging 
the mouth of the tube into cold water, and sufi 
fering the steam to return to its original state, 
which being eifected by the abstraction of a por- 
tion of its artificial heat, the water will rush in 
from the external vessel, and occupy the place of 
the steam thus condensed, which could not have 
taken place had any portion of the air remained 
in the tube or its bulb. 

From these data, it will be evident, that when 
steam is merely employed to displace the air in a 

b2 
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close vessel, and stfterwards produce a vacuui 
by condensation, no more heat is necessary tha 
what will raise the water for this purpose to 212* 
but if, on the contrary, high pressure steam is r 
quired, a very considerable increase of heat wi 
' be essential ; and of this kind was the elastic v; 

pour employed in all the early steam engines 1 
J . which we may no^v more immediately direct tl 

; : reader's attention. 

Among the numerous competitors for the h( 
nmir of having first suggested steam as a movin 
power in mechanics, we must certainly plac 
Brancas and the Marquis of Worcester in tl 
foremost rank. The former of these was an Italia 
philosopher, of considerable eminence, and who, i 
1629, published a treatise entitled, **Le Machim 
&c." which contained a description of a machir 
for this purpose. The apparatus employed h 
Brancas, was in fact nothing more than a larg 
/ sralipile, similar to the blow-pipe invented t 

M. Pictet of Geneva, with this difference, that tli 
1/ aperture in the pipe connected with the body i 

'\ the aeolipile instead of being directed to the lamj 

[ (or in this case, the furnace that heated the m\ 

chine,) was made to strike against the floats c 
vanes of a wheel, by which means a rotatory mc 
tion was produced. 

After the publication of this scheme, which: 
is probable was never put in practice with an 
useful effect, nearly thirty years elapsed ere th 
farther consideration of this important subjec 
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was resumed by the Marquis of Worcester, The 
mode of employing steam recommeaded by die 
Marquis, and which he describes in his 'f' Century of 
Inventions" to have completely carried into effect, 
was entirely different from that of his predecessor; 
and it is evident that the noble author had re- 
ceived no previous hint of Brancas* invention, as 
he expressly states in another part of the above 
work, that he " desired not to set down any other 
mens' inventions ;'* and if he had in any case 
acted on them, " to nominate likewise the in- 
ventor.*'* 

It is said that the Marquis, v/hile confined in tJ)e 



* This work was written about the middle of the seventeenth 
century, and considered as a description of the united discoreries 
of one individual, is certainly one of the most extraordinary 
scientific productions which has yet issued from the press in any 
age or nation. In addition, however, to its value, as containing^ 
the first tan^ble suggestion for the employment of steam, as an 
hydraulic and pneumatic force, it has unquestionably formed 
the foundation of a large portion of the patent inventions, which 
make so prominent a feature in the present day. The praise- 
worthy labours, however, of this indefatigable nobleman, shared 
tiie fate which usually attends on projections ^ and it was l^ft to 
the slow though certain march of scientifiq iiQprovement, to 
award to his memory a posthumous praise. The Manfuls also 
published a work, entitled, ^' An exact and true Definition of the 
most stupendous Water-commanding Engine, invented by the 
Right Honourable (and deservedly to be praised and adfuirpd) 
£dward Somerset, Lord Marquis of Worcester, and by his 
Lordship himself presented to his most excellent Majesty 
Charles the Second, our most gracious Sovereign/' This >y^ 
published in a small quarto volume of only twenty- twp p?iges, 
and consists of little more than an eniuneruUon of the wonderful 
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Tower of London, was preparing some food on the 
fire of his apartment, and the cover having been 
closely fitted, was, by the expansion of the steam, 
suddenly forced off and driven up the chimney. 
This circumstance attracting his attention, led 
him to a train of thought, which terminated in 
this important discovery. But no figure has been 
preserved of his invention j nor, as we have good 
reason to suppose, any description of the machine 
he employed, except the sixty-eighth article iq 
the above-mentioned work. We shall content 
ourselves, therefore, with extracting that article 
from the noble author's MS. preserved in the 
British Museum. 

" An admirable and most forcible way to drive 
up water by fire ; not by drawing or sucking it 
upwards, for that must be as the philosophers call 
it, infra sphceram activitaiis, which is but at sucl^ 
a distance. But this way hath no boundary, if the 
vessels be strong enough ; for I have taken a 
piece of a whole cannon, whereof the end was 
bqrst, and filled it three quarters full of water, 
stopping and screwing up the broken end, as alsq 
the touch-hole ; and making a constant fire under 
it, within twenty-four hours it burst, and made a 
great crack ; so that having found a way to make 
iny vessels, so that they are strengthened by the 



properties of the above engine; and it is certain that he never 
published any key to the first bint furnished in the Century of 
Inventions, 
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force \eithin thenar and the one to fill after the 
6ther» I have seen the water run like a constant 
fountain stream, forty feet high; one vessel of 
water, rarified by fire, driveth up forty of cold 
water. And a man that tends the work is but to 
turn two cocks, that one vessel of water being 
consumed, another begins to force and refill with 
cold water, and so successively, the fire being 
tended and kept constant, which the self-same 
person may likewise abundantly perform in the 
interim, between the necessity of turning the said 
cocks." Vide Harleian MSS. No. 2428. 

In 1683, a scheme for raising water by the 
agency of steam was offered to the notice of Louis 
XIV. by an ingenious English mechanic, of the 
name of Morland ; this, however, was evidently 
formed upon the plan previously furnished by the 
Marquis of Worcester, in his Century of Inventions. 
Morland was presented to the French monarch in 
1682, and in the course of the following year his 
apparatus is said to have been actually exhibited 
at St. Germain's.* The only notice of this plan 



* Sir Samuel Morland was the son of a baronet of the same 
name, created by King Charles II. for his zealous services per* 
formed during the King's exile. The son was made MagUier 
Mechanicorum by the King in 1681^ and was justly celebrated at 
that period for a number of very ingenious inventions^ among 
which we may enumerate the drum capstan for weighing 
anchors, the speaking trumpet, and fire engine. The celebrated 
John Evelyn gives the following account of a visit paid him at a 
very late period of his life : — 

" The Abp. and myselfe went to Hammersmith^ to visite Sir 
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occurs in the coUeotion of MSS. to wl^ichiire have 
filready alluded, and forms the latter part of a 
very beautiful volume, containing about thirty* 
eight pages, and entitled ** JElevation des Eauxy 
par toute sorte de Machines^ reduitp a la mesure^ 
au poidSy ef a la baUmce. Presentee a sa Mqjeste 
ires Chrestienne^ par le Chevalier Morhnd, gen^ 
tilhomme ordinaire de la chambre privie^ et 
maistre des ifiephaniques du Roy de la Grande 

Br^taigne^ 1683/' 

The MS. is written upon vellum, richly illu? 
minated, p,nd the part which has reference tq 
the steam engine occupies only four pages, com- 
piencing with a separate title, &c. It is also ac- 
companied by a table of the sizes of cylinders, 
and the aniQunt of water to be raised by a given 
force of steanj. TJ)is curious memqir forms an 
important link in the chain of historical evidence. 



Sain. Morland^ who was entirely blin^^ a vpry mortifying sight. 
He she\ved us his invention of writing, which was very inge- 
nious^ also his wooden kalender, which instructed him all by 
feeling, and other pretty and useful inventions of mills, pumps, 
&c. and the pump he had erected that serves water to his garden 
and to passengers, with an inscription, and brings from a filthy 
part of the Thames neere it a most perfect and pure water. He 
l^ad newly buried 2001. worth of music book» six feet under 
ground, being, as he said, lore songs and vanity. He plays 

himselfe psahns and religious hymns on the Theorbo'* Disu*y« 
Oct. 25th, 1695. 

About the year 1684, Sir Samuel purchased a house at Ham- 
mersmith, and it appears from the register of that parish, h^ 
>yas buried Jan. 6th, 1696. 
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>whieh tends to prove that the English^ thougb 
not the actual inventcMrs of the iriieam engine, 
iwere unquestionably the first to apply its stu« 
pendous powers to any useful practical purpose j 
we shall, therefore, ofi'pr no apology for pr&r 
senting it entire to the notice of the reader. 

** Les Principes de la noweUe Force de Feu : 
iifventSe par le Chevalier Morland^ Tan. 1682, et 
presentSe a sa MajestS tres Chrestienne^ 1683f 

** L'eau etant evapor^e par la force de feu, ces 
yapeurs demandent incontinent une plus grand'es* 
pace [environ deux mille fois] que Peau n'oc* 
cupoit auparavant, et plus lost que d'etre tou- 
jours emprisonn6es, feroient crever une piece de 
canon. Mais etant bien gouvernees selon les 
regies de la statique, et par science r^duites a 
Ja m^sui'e, au poids et a la balance, alors elles 
portent paisiblement leurs fardeaux, [corame des 
bons chevaux,] et ainsi servoient elles du grand 
usage au gendre humain, particulierement pour 
Televation des eaux, selon la table suivante, qui ^ 
marque les nombres des livres qui pourront etre 
Jev6es 1 800 fois par lieure, a six pouces de lou^e, 
par de cylindres a moiti6 remplies d'eau, aussi 
bien que les divers diamqtrips et prpfoncjeurs des 
^its cylindres/* 
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k of the Diameter and Length of Steam Cylinde 
with the Number of Pounds fFeighi to be raised. 
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The invention of the atmospheric engine 
though usually ascribed to Newcomen, or his co 
adjutor Savery, is unquestionably of French origin 
An account of it having been published twelve year 
prior to the commencement of Newcomen's pa 
tent. 

In 1695, Papin, then resident at Cassel, pub 
lished a work, describing a variety of methods fo; 
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raising water in whiph he enumerates the above 
invention. Being unable to procufie this tract, 
we insert the following translation of- that part 
which relates to the steam engine. It occurs in 
the Transactions of the Royal Society, for 1 697. 
After alluding to the inconvenience of forming 
a vacuum by means of gunpowder, which was 
one of his early propositions, he recommends 
** the alternately turning a small surface of water 
into vapour, by fire applied to the bottom of the 
cylinder that contains it, which vapour forces up 
the plug in the cylinder to a considerable height, 
and which (as the vapour condenses, as the water 
cools when taken from the fire) descends again 
by the air's pressure, and is applied to raise the 
water out of the mine.*' 

From this it will be evident that any practical 
jnechanic would have suggested the further appli- 
cation of pumps and a working beam or lever si- 
milar to those in Newcomen's engine. 

To experimentally illustrate the principle on 
which the steam or atmospheric engine acts, we 
have only to procure an hollow bulb of glass, con- 
nected with a tube of the same material, about 
four or five inches in length, and furnished with a 
piston or plug, sliding air-tight. A small quantity 
of water being placed in the vessel, must then 
be heated to the boiling point, and the vapour 
formed will speedily impel the piston to the open 
end. The bulb must now be withdrawn from the 
candle, and on being immersed in a vessel of cold 
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4ioii, offers very eofisidenEUe advantages over any 
yet employed. 

In 1698, Captain Savery obtained a patent for 
a new mode of raising water, and communicating 
motion to a variety of machines by the force of 
steam ; and in the following year a working mo- 
del of the above engine, was submitted to the 
Royal Society, who then held their sittings in 
Arundel House.* Savery's engine as we have 
already stated, was employed to raise water to a 
given height by .he pL„re of the .tm«phe«. 
and then to force the fluid up the remaining eleva- 
tion, by the power of steam acting on the surface. 

In the engines constructed under the authority 
of Savery's patent, it was necessary for a labourer 
to be in constant attendance for the purpose of 
turning the cocks, which alternately admitted 
«team and the condensing water. M. de Moura 
however effected a considerable improvement in 
this part of the engiile^ by constructing a self-act- 
ing apparatus for this purpose. 

One of the greatest objections to this engine, 
was the extreme danger attendant on raising 



* The following notice of this machine is inserted in their 
Transactions for that year. 

" Mr. Savery^ June 14^ 1699, entertained the Royal Society, 
with shewing a small model of his engine for raising water by 
the help of fire, which he set to work before them. The experi- 
ment succeeded according to expectation, and to their satisfac- 
tion.* 
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water to any height beyond the atmospheric pres- 
fitire } and as this seldom exceeded thirty feet, it 
was necessary for the remaining perpendicular 
lift to be effected by the expansive force of steam, 
upon the same principle as the Marquis of Wor- 
cester's engine, and for every thirty-three or four 
feet beyond that height, a pressure equal to the 
atmosphere must be exerted on the inside of the 
boiler and receivers, tending to burst them open. 
On this account it would require a separate en- 
gine, for every fourteen fathoms of the depth of a 
mine, thus raising the water from one to another ; 
but in the event of any one becoming deranged, 
the whole must necessarily stop. 

From this it will be seen, that this engine was 
not adapted either for the supply of towns or the 
draining of mines, (two of the patentee's principal 
objects,) the latter of which were often of con- 
siderable depth; but a number of small ones were 
erected for the raising of water in gentlemen's 
pleasure grounds, in different parts of England. Dr. 
Desaguliers tells us that he made seven of these 
engines: the first was for the Czar, Peter the 
Great, for his garden at Petersburgh, where it was 
set up. The boiler was made spherical, and held 
between five and six hogsheads. The receiver 
held one hogshead, and was filled and emptied four 
times in a minute. The water was drawn up by 
suction, or the pressure of the atmosphere, twenty- 
nine feet high out of the well, and then pressed 
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tip eleren £eet higher. The pipes were all of cop- 
per, hut soldered to the suction piece with soft spi- 
der, which held very well for that heights Hady 
however, the amount of pressure, been greater, it 
must have burst the metal, and produced the most 
mischievous effects. 

From a MS. in the possession of the late Rev* 
Mr. Stet)bing Shaw, it appeared that Savery 
erected one of these about the close of the seven- 
teenth century, at Wednesbury, in the county of 
Staffiird. In this place the water rose so rapidly 
and in such quantities, from an adjacent coal pit, 
that it covered; several acres of ground, where it 
remained for several years, although every effort 
was made to reduce it, and drain the land. 

It was soon found that the mode of prodo^cing 
a vacuum in these engines was liable to the most 
serious objections, not the least of which was the 
unnecessary waste of steam ; and an improvement 
on the original construction was shortly effected, 
which, although not capable of completely cor- 
recting this defect, produced a considerable sav- 
ing in the amount of fuel employed. 

It has been already stated, that Savery's mode 
of condensation consisted in throwing a quantity 
of cold water on the outside of the steam vessel 
employed to form a vacuum in the pipes ; and on 
the re-admission of steam it was found necessary 
to restore the heat previously absorbed. To pre- 
vent this, a small jet was inserted, which striking 
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againrt the steam, converted it into water withoot 
sennbly lowering the temperature of the vesseL 
When the repellent force of steam was employed 
in this engine, the waste of foel was still more 
considerable ; great part of the steam being con-» 
densed upon coming in contact with the sur^e 
of the water, so that it could not be brought into 
action till a large poition of the cold fluid was 
raised to the boiling point. As a further inu 
provement on this engine^ Papin introduced a 
moveable disk or float, which was interposed 
between the water and steam^ and, by being pressed 
upon the former, forced it up the connecting 
pipe without the steam coming into actual con- 
tact with the water. 

Newcomen, who is generally considered as the 
inventor of the atmospheric engine, appears to 
have been an ironmonger, resident at Dartmouth, 
in Devonshire ; and that he was a man of consi- 
derable practical ingenuity, is sufficiently evident 
from his arrangement of the engine suggested by 
Dr. Fapin. 

Savery's engine having failed, from the causes 
we have already stated, the mines were nearly all 
at a stand for want of some cheap and efficient 
machine for the purpose of clearing the more 
distant workings. About this period Newcomen^, 
having associated himself with John Cawley, a 
native of the same town, proposed to erect en- 
gines capable of supplying this desideratum, and 
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takidg the exhausted cylinder of Otto Guericke 
for a model, applied Papin's mode of producing a 
vacuum to the above machine. 

To understand the action of this machine^ we 
must conceive a hollow tube or cylinder, fur* 
nished with a piston, made to fit air-tight, and 
indeed in all respects similar to a common sy- 
ringe. At the bqttom of this arc several apertures t 
one to communicate with the steam boiler, and 
furnished with a cock to open and shut the com- 
munication at pleasure ; another for the admission 
of cold water ; and a third to carry off the con- 
densed steam and ejection water. A small lateral 
aperture is also formed with a valve to allow the 
escape of the air, or permanently elastic gas, 
which will not condense by the application of 
cold water : this last is called the snifiing clack. 

If the piston be now raised to the top of the cy- 
linder, and steam admitted, the air will be ejected 
by the snifting clack. The steam is then cut off, 
and the cold water allowed to enter^ which con- 
densing, the steam forms a vacuum beneath the 
piston, which is pressed down with a force pro- 
portionate to its diameter. 

— Iirtf working engine for the draining of mines, 
the piston rod is attached by a chain to the end of 
a long lever, working on a fulcrum, at the op- 
posite end of which are suspended the rods of 
the pumps intended to raise the water: the 
weight of these rods exceeds the weight of the 

c 
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ptnton do much as to draw it up to the top of the 
c^^liuilcr, and the machine is thus ready for the 
ad in Union of steam, and the production of an 
ttUirt^ dtrokc. 

T\w first really effective engine on this con- 
litrMctiitn appears from a MS. to which we have 
ulri^udy rt^tbrrtnU to have been erected at Wolver. 
ImiMptoMi iic^ar the half mile-stone leading from 
WHUiii|{ham to that town* 

III ITI»% thv> |>attrntees agreed to erect an en- 
li\W ft»v tht? oww^i^ of a colliery, in the coanty of 
MlMtmmi y^\\K^w s^v^ml hundred horses were em* 
I^My^d* Mr« U^uvy ikM^toQ> who was engaged 
»^ ^M wa^at iu thU coactrru* not aj^proving of the 
)Mhi(i4i^ limiUKr^' of o^HMiing and shutting the 
f-f<f*K^« Um iho Hdmisc'uou of steam, water, &c. 
^hW'U wvHV Uh^u uKwcvl by strings and catches, 
JMV^iMi^^t \iy \k Ih\v v>f the uamc of Potter, employed 
H l(4U^iMg (mv ^ttiAchvxl to the great working 
ti^4»M tin {\\^{ pMrpv>i4^, 

lifil^ M(^ W^\ U^p^ut^ut improvement in the 
WMHf^i»(«hmi^i ^ugiu<^ wuA thij upplication of it by 
ffff^4Mii Mf ^ ^i^nk uud %-wb^I to the purpose of 
MUMIMy HiilU- U we^A tivtit described by Mr. Halls, 
W(*M» lU iViMa hud a p^t^ut tor an engine to be 
Jif^l^lMy^d in thv^ imp^^Uin^ of vessels. It was not, 
l*MW^iV^:i*, g^MVVi^Uy v^JKsl till 1770^ about which 
]mm\ it W4i4 uUi^chi^l to aa engine> at Kr- 
nunglmm. Sv^vovul othvM- patents have also been 
uliUiwcd tUv X\\U pwv|H>&c> and,, in l7St> the Abb£ 
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Arnal, Canon of Alais, in Languedoc, enter*, 
tained a thought of the same kind, proposing to 
employ it in inland navigation. 

The extensive foundery of Colebrook-dale, ap- 
pears to have had the honour of casting and fi- 
ijishing the first atmospheric engine of consi- 
derable size. It was intended for the use of 
Walker colliery, near Newcjastle, where it was 
erected in 1763. The steam cylinder of this 
colossal engine weighed, exclusive of the bottom, 
130 cwt. while the diameter of the bore, which 
was turned perfectly true, and well polished, 
measured upwards of seventy-four inches. When 
completed, they were enabled to raise on an ave- 
rage above 307 cwt. of water at each stroke of 
the piston. 

The double acting steam engine does not differ 
very materially from those we liave already de- 
scribed. It was first suggested by Dr. Falck, 
who published an account of his invention in 
1779. The chief improvement which he intro- 
duced was the use of two cylinders, into which 
the steam was alternately admitted by a common 
regulator, opening the communication with the 
steam to one, whilst it shut up the opening of the 
other. The piston rods were kept (by means of a 
wheel fixed to an arbor) in a continual ascending 
and descending motion, in the same manner as 
the rods of a common air-pump, while the nut, 
acting in the upright racks, was made to work 

c 2 
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the pumps, ivhich were thiis kept in constant 
action. 

From this it will be seen, that in a double cy- 
linder engine, where two cranks are used, the 
fly-wheel, which is usually employed as a maga- 
zine of power, may be entirely dispensed with ; 
which, in the reciprocating engine, is an advan- 
tage of considerable importance, as the whole 
power of the engine must, in certain positions 
of the crank, depend upon the action of the 
fly-wheel. 

The fire wheel of M. Amotrtons,* and the steam 
wheel of his countryiiraiT Deslandes, were very 
ingenious, though both pf them much too intricate 
for general use. The first of these inventions 
consisted of a number of buckets placed in the 
circumference of a wheel, and communicating 
with each other by very intricate circuitous pas- 
sagiesi Ohe part of thia circumference was ex- 
posed to the heat of a furnace, and another to a 
cistern of cold water. The communications were 
so disposed, that the steam produced in the 
buckets on one side of the wheel, drove the water 
into buckets on the other side, so that one side of 
the wheel was always heavier than the otherj and 
this constant addition of weight produced a rota- 
tory motion. 

Various attempts have been made at different 
periods to employ the steam engine in the draining 
of land; M. Fran9ois was, we believe, the first 
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who suggested its practical application to this 
purpose. He proposed to employ an engine on 
Savery's plan, and added machinery to open and 
shut the cocks. Two or three large engines have 
been constructed in this country, which have since 
been employed in Holland with the most bene- 
ficial effects ; and there is no doubt but that their 
value, when duly appreciated, will be sufficiently 
obvious. This is more particularly the case in 
those tracts of low and swampy ground, whose 
outfall lies at a considerable distance, and which 
has previously to pass through ground of a higher 
level. In some instances it has been found neces- 
sary to cut drains or rather trenches of from ten 
to twenty feet in depth, and this too for several 
miles in length. 

Mr. Savory, of Downham, who, we understand, 
has given considerable attention to this branch of 
civil engineering, states the cost of an engine of 
twenty-horse power fitted up for this purpose at 
fifteen hundred pounds, and that this will do as 
much work as q. mill with a forty feet sail, when 
in full velocity. The advantages that may be de- 
rived from the use of steam in the fens or marsh 
country, appears, from the same authority, to be of 
the first importance. In case of intense frost, the 
uniform velocity, with the opportunities of com- 
municating heat, would prevent the engine from 
freezing, to which, from the uncertainty of winds, 
the other engines are very much subject. The 
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consequence is, that a great fall of snow coming 
at the same time that the mills have not been in a 
^tate to prepare the ditches to receive the over- 
plus water which it occasions, an inundation gencr 
rally takes place in the fens j and, as the waters 
rise very rapidly under these circumstances after 
a thaw, it frequently occurs, that when the miUj 
are set at liberty from the effects of ice, they are 
for some days incapable of successfully opposing 
the accumulation of water. On the other hand, 
by adopting the means of steam, the enginesf 
would be working in full effect during the contirr 
nuance of a frost, and the ditches being kept pro- 
portionably low, would at all times be capable of 
discharging the water, and thus prevent inundat 
tion. 

Mr. S. concludes this part of a very useful paper 
on the subject, by observing, that " as to a district 
of country which requires draining without any eur 
gines upon it, at the time of its being undertaken, it 
is a matter of doubt in my mind, whether it could 
not be drained more economically by steam, than 
by the means usually adopted, although the ex^ 
pence of fuel must certainly be very great. Ta- 
king the average of winds, the mills in the winter 
season do not throw so much water in a week, as 
they would in one third of the time, if they went 
with all the velocity of which they are capable. 
It follows, that one steam engine, with equal 
powers, would do as much execution in the 
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course of a season, as three windmills, and con- 
sequently a great saving would accrue in the 
first expense, and afterwards in attendance and 
repairs."* 

* Vide Communications to the Board of Agriculture^ vol. iv. 
p. 52. 
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In the engine usually ascribed to Newcomen, 
the steam was not employed as an impelling 
power, but was used for producing a vacuum be- 
neath the piston, which was afterwards forced 
down by the pressure of the atmosphere ; and it 
was left to the piasterly and towering genius of an 
otherwise obscure mechanic, to quadruple the 
force of this stupendous machine, and by one 
step, perfect the labours of the preceding century. 
Mr. Watt's attention was first drawn to this 
subject, by an examination of a small model of 
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an atmospheric engine, belonging to the Univer- 
sity of Glasgow, which he had undertaken to re- 
pair. In the course of his experiments with it, 
he found the quantity of fuel and injection water 
it required, much greater in proportion than in 
the larger engines ; and it occurred to him, that 
this must be owing to the cylinder of this small 
model exposing a greater surface in proportion 
to its contents, than was effected by larger cy- 
linders. This he endeavoured, to remedy, by 
employing non-conducting substances for those 
parts of the engine which came in immediate 
contact with the steam. After a variety of expe- 
riments, the results of which we shall presently 
describe, he succeeded in constructing a working 
model, capable of producing a force equal to four- 
teen pounds on every inch of the piston, and which 
did not require more than one third of the steam 
used in the common atmospheric engine to pro- 
duce the same effect. * 

It will be evident that this was as near an ap- 
proximation towards perfection as could possibly 
have been expected ; and indeed much more than 
was likely to be effected in a large engine, as the 
vapour left beneath the piston possessed only one- 
fifteenth part of the elastic force of the steam em- 
ployed to form the vacuum. ' 

Having discovered that the great waste of calo- 
ric in the old engine, arose from the alternate 
heating and cooling the cylinder, by the admis- 
sion and subsequent condensation of the heated 
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^team, Mr. Watt perceived that to make an 
engine in which the destruction of steam should 
be the least possible, and the vacuum the most 
perfect, it was necessary that the cylinder should 
remain uniformly at the boiling point ; while the 
water forming the steam was cooled down to the 
temperature of the atmosphere. To eflFect this, 
)ie employed a separate condensing vessel, be* 
tween which, and the hot cylinder, a communica* 
tion was formed by means of a pipe and stop- 
cock. 

To understand the action of this engine, we 
may employ a common syringe, connected with 
a boiler, as in the atmospheric engine, and fur- 
nished with a pipe passing into an air-tight vessel, 
immersed in water for the purpose of condensa. 
tion. 

If the piston be then raised, and the communica- 
tion with the condenser cut off, the steam will 
speedily expel the air ; when this is effected, the 
further admission of steam must be prevented, and 
the communication with the condenser opened. 
The steam will now expand itself, passing down 
the pipe and entering the condenser} the mo- 
ment, however, that it comes in contact with the 
sides of the cold vessel, it will be condensed and 
a vacuum formed ; and this process will continue 
xo proceed, so long as any steam remains beneath 
the piston. 

The only objection that offered itself to this 
admirable mode of condensation, arose from the 
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diflficulty experienced in getting rid of the water 
and air that remained in the condensing vessel. 
When steam ,vras generated from water that had 
been freed from air by long boih'ng, a consider- 
able advantage was obtained ; and it was found 
that a power nearly equal to the entire pressure 
of the atmosphere was produced. The great ad- 
vantage thus obtained will be sufficiently obvious, 
when it i$ knpwn that, in tiie engines previously 
constructed, the elasticity of the steam arising 
from the heated injection jvater remaining at the 
bottom of the cylinder, was equal to one-eighth 
of the atmospherical pressure, and consequently 
destroyed an equal proportion of the power of 
the engine. 

The mode of condensing the steam, by the ap- 
plication of cold water to the outside of the con- 
denser, was soon found inconvenient from the 
great si:?e and expense attendant on the use of 
this apparatus} and Mr. Watt introduce4 an in- 
ternal jet of cold water, which, striking against 
the steam, instantaneously reduced it to its ori- 
ginal bulk, and thus formed a vacuum. To draw 
oflF the condensing water, as well as^to get rid of 
the air that was extricated during condensation, 
he found it necessary tq employ a small pump, 
worked by -the engine, the size of which was pro- 
portioned to the amount of air and water gene- 
rated in the condenser. In one of the early 
engines upon this construction, erected at Bed- 
worth, three ttir-pumps were used; two below, 
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worked by chiins connected with the beam, and a 
thirds placed above, which received the hot water 
raised by the others. In the engines now con- 
structed, only one air-pump is employed, and this 
fully answers the intended purpose. 

Another improvement introduced by Mr. Watt, 
consisted in surrounding the upper part of the 
cylinder with a cap, through a hole in the centre 
of which the piston rod worked air-tight. The 
force of steam was then substituted for that of 
the atmosphere, and at a pressure of more than 
fifteen pounds on the square inch } so that when 
a vacuum was formed beneath the piston, steam 
of considerable impellent force was entering the 
upper end of the cylinder, by means of a pipe 
connected with the boiler. 

By thus substituting the force of highly elastic 
vapour, for the ordinary pressure of the atmos- 
phere, the upper and under side of the piston 
were preserved at the same temperature, and the 
supply of steam being regulated by the width of 
the aperture, any given amount of force might 
readily be produced. In the atmospheric engine 
this could hot be effected, as the whole pressure 
of the atmosphere was made to act on the piston, 
the instant the vacuum was formed by the con- 
densation of the vajpour beneath ; so that in the 
event of a pump-rod breaking, by which the ele- 
vation of the water^ might be impeded, and the 
labour of the engine taken off, the rapid descent 
of the piston would evidently cause the destruc- 
tion of the entire apparatus. 
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Soon after the completion of his first model, 
Mr. Watt erected an engine for his friend Dr. 
Roebuck of Kinneil, near Borrowstownness, with 
whom he was afterwards associated in the manu- 
facture of his improved engine : the latter gen- 
tleman, however, in 1774, disposed of his share of 

the business to Mr. Boulton, of Soho*. 

- — • I —   

* From this nursery of ingenuity has originated some of the 
noblest and most strUcing chefs d^ceuvre of mechanical art yet 
witnessed. The following account of this celebrated manufac^ 
tory is from the pen of Dr. Darwin. It was written in 1768, and 
when the manufactory, although *' big with promise,*' was little 
more than a type of its present magnitude. 

" Soho is the name of a hill in the county of Stafford, about 
two miles from Birmingham, which a very few years ago was 
A barren heath, on the bleak summit of which stood a naked hut, 
the habitation of a warrener. 

" The transformation of this place is a recent monument of 
the effects of trade on population. A beautiful garden, with 
wood, lawn, and water, now covers one side of this hill; five 
«pacious squares of building, erected on the other side, supply 
workshops or houses for about six hundred people. The exten^ 
sive pool at the approach to this building, is conveyed to a large 
water-wheel in one of the courts, and communicates motion to a 
prodigious number of different tools. The mechanical inventions 
for this purpose are superior in multitude, variety, and simplicity, 
to those of any manufactory in the known world. 

^'Toys, and utensils of various kinds, in gold, silver, steel, cop* 
per, tortoise-shell, enamels, and many vitreous and metallic com^ 
positions, with gilded, plated, and inlaid works, are wrought up 
to the highest elegance of taste, and perfection of execution in 
this place. 

** Mr. Boulton, who has established this great work, has joined 
taste and philosophy with manufacture and commerce ; and from 
the various branches of chemistry, and the numerous mechanic 
arts he employs, and his extensive correspondence to every comer 
of the world, is furnished with the highest entertainment, as well 
as the most lucrative employment/' 
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We have already stated, that Dr. Falck describ- 
ed an engine with two cylinders as early as 1779, 
which he called 2^ double acting engine ; but similar 
advantages were obtained by Mr. Watt in an en- 
gine with a single cylinder. To effect this, he ap- 
plied the power of the steam to press the piston 
upwards as well as downwards, by forming the 
vacuum alternately above and below the cylinder. 
When it became necessary to connect the piston 
and beam for an upward, as well as for a down- 
ward stroke, a double chain acting on an arch head 
was substituted for the single one previously em- 
ployed ; and this was speedily superseded by a rod 
connected with the working beam,'by means of a 
parallel motion. 

The Expansion Engine was also invented by 
Mn Watt, and though not generally employed 
until 1778, appears from a letter written by him 
to a gentleman of Birmingham, to have suggested 
itself as early as 1769. The principle of this in- 
vention, consists in shutting off the farther entrance 
of steam from the boiler when the piston has been 
pressed down in the cylinder, for a certain propor- 
tion of its total descent, leaving the remainder to 
be accomplished by the expansive force of that 
steam already introduced. 

To regulate the time of closing this valve, and 
as such the precise amount of steam admitted, Mr. 
Watt employs a plug-frame with moveable pins, 
which may be placed in such a manner, that the 
steam-valve will shut when the piston has de- 
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scended one-half, one-third, one-fourth, or at any 
other proportion. By the application of this prin- 
ciple the piston is made to descend with an uniform 
velocity ,^ the pressure on the piston continually di- 
minishing as the steam becomes more and more 
rare, and the accelerating force which works the 
engine is consequently diminished. 

The advantages attendant on this mode of ad- 
mitting steam, are however greater in an high- 
pressure engine, than in those usually constructed 
by Messrs. Boulton and Watt. 

It does not appear that Mr. Watt produced any 
large engines on his improved construction until 
1774 ; and so slow is the progress of improvement 
against preconceived habits of long standing, or 
interested clamour, that he found the term of his 
patent was likely to pass away before he should be 
reimbursed. In consequence of this he applied 
to parliament, which, by a legislative enactment, 
sanctioned the prolongation of the original term 
for twenty-one years. 

Soon after the renewal of his patent, Mr. Watt 
published proposals for the erection of his improv- 
ed engine, and in these the advantages to be ob- 
tained from its use are placed in the strongest 
light. In an atmospheric engine, constructed on 
the most improved plan, a quantity of water equal 
to 9,636,660 pounds, was raised one foot high 
with a single bushel of Newcastle coals ; but Mr. 
Watt undertook to raise 24,553,57 1 pounds, with 
the same amount of fuel. 
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The Increasing depth of some of the larger 
works in the mining districts^ has called for a pro- 
portionate increase of the power employed ; and 
many of the engines now erected for the purpose 
of raising water, are of proportions so gigantic, as 
can be conceived only by actual calculation. One 
of the largest is that erected at the Union mine in 
Cornwall. It is upon Mr, Watt's double-action 
principle, and is loaded to exert its utmost force. 
The steam-cylinder is sixty-three inches diameter, 
and raises water equally in the ascent or descent 
of the piston. The weight of water in the pumps 
is 82,000 pounds ; and with this load it makes e-r 
double strokes per minute, of 74 each, or it gives 
to the load 1004 feet motion per minute. To 
effect this, which is equivalent to raising 8,261,500 
pound$, lifted one foot high, or the power of SoO 
horses, it is necessary to consume about thirty-one 
pounds of coal per minute. 

In 1797> the ingenious Mr. Cartwright, well 
known for the value and variety of his scientific 
avocations, invented a mode of applying the va- 
pour of alcohol, or other ardent spirit, as a substi- 
tute for common steam. In addition to the saving 
to be effected by this plan, Mr. Cartwright in- 
tended to employ his engine as a still, by which 
the whole cost of fuel would be saved*. Such a 



* It is curious^ that a difitinguiahed chemist of the present 
day should have suggested the construction of an engine on 
the following plan, which, it will be seen, is precisely similar 
to that described in Mr. Cartwright's specification. 

D 
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method, however, supposes a capability of blending 
the business of a distiller with a variety of trades, 
to which it is totally inapph'cable. A scheme 
somewhat similar to this, and to which we shall 
afterwards more fully revert, has lately been at- 
tempted by Colonel Congreve, in which he pro- 
poses to burn a large portion of chalk mixed with 
the coal, and thus convert the furnace into an 



** Since the vapour of alcohol^ having the same elastic force as 
the atmosphere, contains iVb- of the latent beat of ordinary steam, 
and since its elastic force is doubled at the 206th degree (six below 
the boiling heat of water) with perhaps one-third of additional 
caloric^ might we not, in particular circumstances^ employ this 
vapour for impelling the piston of a steam engine } The con- 
densing apparatus, could be^ I imagine, so constructed, as to 
prevent any material loss of the liquid, while more than a 
quadruple power would be obtained from the same size of cy- 
linder at 219P, with an expenditure of fuel not amounting to 
one half of what aqueous vapour consumes 5 or the power and 
fuel would be as three to one, calling their relation in ordinary 
steam one to one. A considerable engine could thus also be 
brought within a very moderate compass. Possibly, after a 
few operations of the air pump, the incondensible gas may be 
so efifectually withdrawn, that we might be permitted to detach 
this mechanism, which, though essential to common engines, 
takes away one-fourth of their power. In a distillery in this 
country, or on a sugar estate in the colonies, a trial of this plan 
might perhaps be made with advantage. While exercising its 
mechanical functions of grinding, mashing, or squeezing the 
canes, it would be converting ordinary into strong spirit for 
rectification, or for the convenience of carriage. Might not 
such an engine be erected on a small scale, for many purposes 
of domestic drudgery? It would unquestionably furnish a 
beautiful illustration in philosophy, to make one small portion 
of liquid, by the agency of fire, imitate the ceaseless circulation 
and resUess activity of life." — Phil. Tran. vol. cviii. p. 393. 
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^cient lime-kfln* From this view of the subject, 
we think it will be seen^ that however plausible 
or iugenious this invention may appear in theory, 
there are insuperable objections to its general 
employment. We are still, however, greatly in- 
debted to Mr. Cartwright for the mechanical 
arrangement of the engine, described in this pa- 
tent, as it furnishes the first hint for an elastic 
metal piston, which has since been found of the 
greatest use in high-pressure engines. 

The first Portable Steam Engine appears to 
have been constructed by Mr. Smeaton, who em« 
ployed it for draining foundations and other tem- 
porary works. It had a pulley, or wheel, to 
receive the chain which communicated motion 
from the piston to the pump-rod, instead of a 
beam. The pivots of the wheel were supported 
by two inclined beams connected at top, whilst 
the cylinder and pump were bolted down to the 
groundsills. Thus, the whole machine being sup- 
ported by one frame of wood, it could without 
trouble be set to work in the open air. The 
boiler, which required no setting in brick work, 
was in the shape of a tea-kettle, and the fire-place 
being in the centre, was surrounded on all sides 
by water, thus presenting the greatest possible 
surface to the action of the flame. Portable steam 
engines are now employed not only in the erec- 
tion <of bridges, and in underground excavations, 
but are also usefully applied to the purpose of 
propelling vessels and carriages : the latter appli- 

D 2 
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cation is of a very recent date. Steam navigation, 
however, from its great national importance, will 
deservedly find a {dace in a separate division of 
this work. 

Of Mr. Homblower's engine, but little need be 
said, as in practice he was scarcely able to obtain 
a greater effect from the expansive action of the 
steam in two cylinders, than -Mr. Watt's did in 
one ; and having attempted in vain to {procure an 
extension of the original term of his patent, he 
was afterwards prosecuted by Messrs. Boulton 
and Watt for an infringement on theirs, in using 
the condenser and air-pump. 

The principle of the high-pressure steam en- 
gine depends on the power of steam to expand 
itself very considerably beyond its original bulk, 
by the addition of a given portion of caloric, thus 
acquiring a considerable elastic force, which, in 
this case, is employed to give motion to a piston. 
One of the greatest advantages attendant on em- 
ploying the repellent force of steam, as in this 
form of the engine, consists in an evident saving 
of the water usually employed in condensation ; 
and this, in locomotive engines, for propelling 
carriages, is an object of considerable importance. 

Leupold has furnished a description of a high- 
pressure engine, in a very valuable work on ma- 
chines, published in 1724. He ascribes the in- 
vention to Papin, to whom we have already al- 
luded as the inventor of the atmospheric engine^ 
The apparatus described by Leupold, consists of 
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two single cylinders, placed at some distance 
from each other, each of which is provided with a 
piston made to fit air-tight, and connected with a 
forcing pump. 

When steam of considerable elasticity is ad- 
mitted at the bottom of the first cylinder, it is 
forced upwards, carrying with it the lever of the 
pump ; at the same time that the steam or air is 
expelled from the other. On this operation 
being repeated, or rather reversed, the steam is 
allowed to enter the second cylinder, which is 
also connected with the boiler, while the steam in 
the first cylinder is, allowed to escape into the air. 
From this it will be evident that the process of 
condensation forms no part of the principle of the 
high-pressure engine ; and that the expansion of 
gunpowder might be made to produce a pre- 
cisely similar effect. 

The amazing force to be produced by the ex- 
pansion of highly elastic vapour, did not escape 
the penetrating notice of that towering genius, 
which was now directing all its energies towards its 
improvement. Accordingly, we find in Mr. Watt's 
first patent, the following clause, which expressly 
describes this engine : " I intend, in many cases, 
to employ the expansive force of steam to press 
on the pistons, or whatever may be used instead 
of them, in the same manner as the pressure of 
the atmosphere is now employed in common 
fire-engines. In cases where cold water can- 
not be had in plenty, the engines may be 
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wrought by the force of steam only, by dis- 
charging the steam into the open air after it has 
done its office." 

Messrs. Trevithick and Vivian were the first 
to employ the high-pressure engine to advantage, 
as they found it admirably adapted for the pur- 
pose of propelling carriages. In this case the 
steam, after having performed its office, was 
thrown off into the air ; and the condenser, to- 
gether with the necessary supply of cold water 
which must have accompanied it, was by this 
means dispensed with. For the purpose of mo- 
tion, the high-pressure engine certainly possesses 
considerable advantages, not the least of which is 
its cheapness and portability; the danger, how- 
ever, attendant on the use of steam, acting with a 
force equal to from forty to eighty pounds on the 
square inch, must inevitably form an insuperable 
bar to its general introduction to our manufac- 
tures.* 

Mr. Woolf *s improvements, which are of con- 
siderable importance, are founded on the same 
principle as those of Mr. Watt, namely, the power 



* To understand the power of a high-pressure engine, and 
the amount of caloric absorbed to produce a given force of 
steam, it is necessary to compute this force at the various ther- 
mometine degrees of heat, commencing at the boiling point of 
water. This has been most accurately calculated by Pr. Ure, 
who, as well as Mr. Dalton, made a variety of experiments to 
illustrate this highly interesting subject, the result of which will 
be found in Appendix (B), 
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of steam to expand itself, or increase its volume 
in a very considerable degree, after its passage 
from the boiler. From a variety of experiments 
made on this subject, he ascertained that a quan- 
tity of steam having the force of 6ve, six, seven, 
or more pounds on every square inch of the boiler, 
may be allowed to expand itself to an equal num- 
ber of times of its own volume, when it would 
still be equal to the weight of the atmosphere, 
provided that the cylinder in which the expansion 
takes place, have the same temperature as the 
steam possessed before it began to increase. 

The increased degree of temperature necessary, 
both to produce and to maintain this augmen- 
tation of the steam's expansive force is consider- 
able ; and the amount may be seen from the fol- 
lowing table: 

Pound, per »qu»re n,™„ of 



Expaniibility. 



|li 

Ills' 



The most economical mode of employing this 
principle, consists in the application of two steam- 
cylinders and pistons of unequal size to an high- 
pressure boiler; the smaller of which should have 
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a communication both at its top and bottom, with 
the steam vessel. A communication being also 
formed between the top of the smaller cylinder and 
the bottom of the larger cylinder, and vice versa* 
When the engine is set to work, steam of a high 
temperature is admitted from the boiler to act by 
its elastic force on one side of the smaller piston, 
while the steam which had last moved it, has a 
communication with the larger or condensing 
cylinder. If both pistons be placed at the top of 
their respective cylinders, and steam of a pressure 
equal to forty pounds the square inch, be ad« 
mitted, the smaller piston will be pressed down, 
while the steam below it, instead of being allowed 
to escape into the atmosphere, or pass into the 
condensing vessel, as in the common engine, is 
made to enter the larger cylinder above its pis- 
ton, which will make its downward stroke at the 
same time as that in the smaller cylinder ; and, 
during this process, the steam which last filled the 
larger cylinder, will be passing into the condenser 
to form a vacuum during the downward stroke. 

To perform the upward stroke, it is merely 
necessary to reverse the action of the respective 
cylinders j and it will be effected by the pressure 
of the steam in the top of the small cylinder, 
acting beneath the piston in the great cylinder ; 
thus alternately admitting the steam to the dif- 
ferent sides of the smaller piston, while the steam 
last admitted into the smaller cylinder, passes 
regularly to the different sides of the larger piston. 
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the communication between the condenser and 
steam boiler being reversed at each stroke. 

The economical application of this engine, 
may however be best understood by an exami- 
nation of its effective force when applied to the 
raising of water. It appears that a double cy- 
linder expansion engine was constructed for 
Wheal Vor mine in 1815. This has a great cy- 
linder of fifty-three inches in diameter, and nine 
feet stroke, the small cylinder being about one- 
fifth of the vcbntents of the great one. The en- 
gine works six pumps, which at every stroke raise 
a load of water of 37,982 lbs. weight, seven feet 
and a half high. This produces a pressure of 
14.1 lbs. «per square inch on the surl&ce of the 
great piston, while its average performance may 
be estimated at 46,000,000 lbs. raised one foot 
high with each bushel of fuel. 

The great mass of inert matter contained 
in the working beam of the reciprocating en- 
gine, must of necessity produce a proportionate 
waste of power; each elevation of the piston 
causing a change from a state of rest to motion, 
and vice versa. This, however, is in no small de- 
gree enhanced » by the necessity of employing a 
fly-wheel of considerable weight to equalise its 
motion. To prevent this loss of power, a variety 
of contrivances have been suggested, for the pur« 
pose of producing a continuous action, without 
the intervention of a cylinder and piston, thus 
dispensing with the beam and fly-wheel. 
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To produce a continuous rotatory motion, is, 
liowever, little more than a return to the simple 
principles on which the earliest engines were con- 
structed. We have already stated, that the Italian 
philosopher Brancas, directed steam of consider- 
able repellent force against the vanes of a wheel, 
which was employed to give motion to a stamping 
press, though the force obtained must have been 
very inconsiderable. The principle of this in- 
vention was also applied to a very ingenious, 
though we fear useless rotatory engine, con- 
structed by Kempel. 

It consisted of a hollow cylinder, furnished 
with two arms, at the end of which were trans- 
verse apertures; and this was connected with a 
large seolipile or boiler, by means of a moveable 
socket. The steam employed to drive the arms 
was of considerable elasticity, and rushing out at 
the apertures with considerable violence, pro- 
duced a rotatory motion. 

About the same period, Mr. Sadler, of Oxford, 
took out a patent for a similar machine, though 
we are not aware ihat it was ever usefully em- 
ployed, the rarity of steam being such, that even 
if none be condensed by the cold of the atmos- 
phere, the impulse must necessarily be exceed- 
ingly feeble, and the expense of steam, to produce 
any serviceable effect on the machinery, exceed- 
ingly great. 

A very ingenious, and not less simple mode of 
producing a continuous rotatory motion, is de- 
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scribed by Mu J. Cooke in the Transactions of 
the Irish Academy.* It consisted of a wheel, 
with moveable valves or flaps on its circumference, 
turning freely on joints, which admitted their 
openings only to a line passing through the centre 
of the wheel. These, when closed, lay exactly 
on a level with its outer extremity, but when 
open fell down perpendicular to it. The wheel, 
thus formed, was enclosed in a case, which fitted 
it exactly, while the upper valves were close and 
the lower extended. The steam in its passage 
from the boiler to the condenser, pushed the ex- 
tended valves, and thus gave motion to the wheel. 
A working model of this engine, without the con- 
denser, was, we believe, exhibited before several 
members of the academy. In this instance, how* 
ever, it must have acted as a high-pressure 
engine, discharging the steam at each division of 
the wheel ; and we very much doubt whether it 
would be possible to pack the hanging valves suf- 
ficiently tight to admit of their readily falling to 
the position described by Mr. Cooke. 

Several other attempts have also been made to 
produce a continuous rotatory motion, the most 
important of which will be found in the analysis 
of patents prefixed to this work j but the only one 
which appears at all likely to succeed in practice 
has lately been invented by Mr. Masterman, 
and to this we would more particularly call the 



>>** 
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reader's attention. In his engine, Mr. Masteroaan 
proposes to employ water as the propelling power, 
which he effects, by enclosing it in the tubular 
rim of a large wheel, furnished with valves open- 
ing in one direction. This wheel is made to re« 
volve on a hollow axis connected with the steam 
boiler. The arms which radiate from the axis 
are also hollow ; and on the admission of steam 
from the boiler, it is conducted through the arm 
immediately opposite, and entering the rim of the 
wheel, comes in contact with, and presses against 
the column of water on the one side, and the 
closed valve on the other. The water being pre- 
viously heated to the boilipg point, no conden- 
sation ensues, but the whole weight of water, 
which was previously balanced in two columns of 
equal length, is driven by the pressure of the 
steam to the side opposite to that at which the 
elastic vapour entered, and that side of the wheel 
will necessarily preponderate. If this process be 
repeated, the steam being allowed to blow through 
each radiating arm in succession, a continuous 
rotatory motion will be produced. Should it be 
found adviseable to employ steam of less elasticity, 
a condenser may be added, and this too without 
materially increasing the expense. 

In Messrs. Boulton and Watt's jB^//^awAr Engine, 
the cylinder is supported by brackets proceeding 
from a cast-iron condensing-cistern, and is placed 
over one end of it. The beam which is formed 
like a right-angled triangle, has its centre of mo- 
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tion at the right angle, and the axis of it is sup- 
ported by bearings screwed to the cistern ; and at 
the opposite end to that upon which the cylinder 
is placed, the horizontal arm of the triangle forms 
the working arm of the beam, to the extremity of 
which the power of the cylinder is applied. The 
connecting rod is jointed at the upper end of the 
perpendicular arm, and extends to the crank, 
which is supported in bearings screwed to the 
cistern at the same end at which the Cylinder is 
placed, the centre of motion being at the same 
level with the top of the cistern ; and beneath the 
cylinder, the hypothcnuse of the triangle of the 
beam forms a brace to strengthen it. Two of 
these beams are used, and are applied on opposite 
sides of the cistern, upon the same axis of motion, 
and are united together by cross rods, thus form^ 
ing two connecting rods and cranks upon one 
axis of motion, the fly-wheel being placed at one 
extremity of the axis. To connect the piston-rod 
with the ends of the arms of the beam, or the base 
of the triangle, a rod is fixed across the top of the 
piston rod ; and to the two etids of this two other 
rods are linked, which descend to the beam, and 
are pointed to it at the ends. By this means, the 
ascent and descent of the piston-rod produce a 
corresponding action of the beam upon its centre 
of motion ; the upper end of the perpendicular 
arm moving backwards and forwards, thus by 
ineans of the connecting rods turning the cranks. 
The rods which descend from the bar, which is 
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fixed across the top of the piston-rod to tiie ends 
of the beams, are so constructed, as to predade the 
necessity of employing the parallel motion. This 
engine is very compact ; it requires no fixing, and 
the air*pump which is placed in the middle of the 
cistern, is worked by two rods jointed to the hori- 
zontal arms of the beams. 

The atmospheric engine was first employed in 
North America, about 1760, and two engines on 
this principle were erected in New England be- 
fore the revolutionary war. One was also em- 
ployed for the purpose of draining Schuyler cop- 
per mine, on the river Passaick, in New Jersey. 
The greater part of these engines, however, were 
executed in England. Some idea 'of the slow 
progress which has been made by our transatlantic 
brethren, in this very important invention, may 
be furnished by the following fact, that no more 
than four engines of any importance were at 
work in the whole continent of America at the 
beginning of the present century. Of these, two 
were erected at New York, the first of which was 
employed for the supply of that city with^ater,* 
and the other gave motion to a saw-mill. The 
remaining two were erected at Philadelphia, and 
belonged to the corporation of that city. 



* This engine is upon the principle of Boulion and Watt's 
double action engines. It has two boilers; one of wood, and 
the other of sheet iron. The fly is driven by a sua-and-planet 
wheel> and the shaft works three small pumps. 



qfthe Steam Engine. 47 

The city of Philadelphia was for many years sup. 
plied with water by means of a low-pressure en- 
gine; Mr. Evans, the Trevithick of America, 
has^ however, lately substituted a high-pressure 
engine in its place. By this means, in fuel alone, 
a saving of seventeen dollars per day has been 
effected. 

Trinidad appears to have been the first West 
Indian colony in which the resident planters could 
overcome their ancient prejudice in favour of the 
cattle mills, which are still generally employed on 
sugar estates. Mr. William Lushington, who had 
a considerable property on that island, introduced 
a large engine by Boulton and Watt in 1804 j and 
so great was the saving effected by its use, that 
the labour of ^three mills, each of which were 
equally expensive, was usually performed by the 
one machine. 

From the result of some experiments lately 
made with two steam engines, constructed by Mr. 
Maudslay for the island of Ceylon, it appears, that 
this species of power has been equally efficient in 
the dressing of rice and preparation of oil. The 
apparatus employed for this purpose was con- 
trived by Mr. Hoblyn, a gentleman well known 
for his distinguished scientific attainments, and it 
has been found that, allowing three hundred work- 
ing days in the year, and the engines to work ten 
hours per day, they would annually convert 
576,000 of paddy into a quantity of rice equal to 
147,347 bags, which, at nine rix-dollfu-s a bag, 
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would amount to 116,035/. sterling, while the 
same quantity of paddy being converted into rice 
by the common method, would produce only 
64,799/. The saving, therefore, by these two 
machines, is more than 50,000/. per annum. 

But the introduction of this valuable mecha« 
nical agent to the mines of South America, did 
not take place till 1815 ; and in the following 
year a report on the subject was published in the 
Lima Gazette. After describing this important 
event, it adds, '^ Immense and incessant labour, 
and boundless expense, have conquered difficul- 
ties hitherto esteemed altogether insuperable ; 
and we have, with unlimited admiration, wit- 
nessed the erection, and astonishing operation of 
the first steam-engine. It is established in the 
celebrated and royal mineral territory called the 
mountain Yaiiricoeha, in the province of Tarma ; 
and we have the felicity of seeing the drain of the 
first shaft in the Santa Rosa mine, in the noble 
district of Pasco." They add, " We are ambitious 
of transmitting to posterity, the details of an un- 
dertaking of such prodigious magnitude, from 
which we anticipate a torrent of silver, that shall 
fill surrounding nations with astonishment.*' 

It appears that the new world is principally in- 
debted to the agency of M. Fran9ois Uville for 
this improved era in their mining annals. This 
gentleman having found that a large portion of 
the most valuable mines in Peru were falling into 
decay, and in some cases totally drowned from 
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tlie impossibilify of draining them by manual labour^ 
applied to Mr. Trevithick of Camborne in Corn- 
wall, one of the patentees of the high-pressure en- 
gine. This ingenious mechanic applied himself 
with such extraordinary diligence to the subject^ 
that in less than nine months the materials for as 
many engines wfere completely ready for their 
destination. This apparatus^ which cost about 
ten thousand pounds^ left Portsmouth ill the be-^ 
ginning of September, 1814, accompanied by M^ 
Uville arid three Englishmen, to direct the erec- 
tion of the machinery* 

Mr. Trevithick was afterwards employed to su- 
perintend the Royal Mint established at Lima, 
and on his arrival in South America, was received 
with such enthusiastic gratitude^ that the Lord 
Warden proposed to erect his statue in m&ssive 
silver. The ejigines employed were exclusively 
on the high-pressure principle, and will be found 
under his patent in the Appendix to the present 
work. Indeed this appears to be the only engine 
likely to act with an advantageous effect, the ex- 
treme rarity of the atmosphere in those elevated 
regions, precluding the economical use of the 
common engine. 

We have hitherto viewed the steam engine, when 
employed as a substitute for animal force, in giv- 
ing motion to mills, raising of water, and a variety 
of other employments, all of which, however, are 
of a fixed and stationary nature. But,$ome pro- 
gress has likewise been made towards tl&e appKca- 

E 
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tion of the same power to moveable machinery, 
and when constructed for this purpose it is ^called 
a locomotive engine. 

The employment of an internal mechanism to 
impel waggons on a plane road is of very early 
date, but the first application of the steam engine 
to this purpose took place, we believe, in the Royal 
Arsenal at Paris, towards the close of the last cen- 
tury. From this time till 1802, but little progress 
appears to have been made in the use of this spe- 
cies of wheel carriage; but about the latter pe- 
riod, Mr. Trevithick commenced a series of expe- 
riments on the use of the high-pressure engine 
for the above purpose ; and this, with some im- 
provements, has since been adopted. 

When these engines were first tried, it was 
found difficult to produce a sufficient degree of 
re-action between the wheels and the track road, 
so that the former turned round without advanc- 
ing the vehicle. This was remedied by Mr. Blen- 
kinsop, who, when he adopted this species of con- 
veyance, took up the common rails on one side of 
the whole length of the road, and replaced them 
with rails which had large and coarse cogs pro- 
jecting from the outside. The impelling wheel of 
the engine was made to act in these teeth, so that 
it continued to work in a rack the whole length 
of the road. 

An engine of four horses* power, employed by 
Mr, Blenkinsop, impelled a carriage lightly loaded 
at the rate of ten miles an hour, and when con^ 
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nected with thirty coal waggons, each weighing 
more than three tons, it went at about one-third 
of that pace. 

The application of the steam engine to impel 
carriages on the public roads, has hitherto been 
considered as a refinement in mechanics, rather to 
be wished for, tlian a matter of reasonable expec- 
tation. It has however been stated, that a vehi^ 
cle of this description is now constructing in Ire- 
land, intended as a stage-coach, and it is added, 
that when. loaded with a weight equal to four tons, 
it will be enabled to advance at the rate of fifteen 
English miles per hour. But it must, we think, 
be sufficiently apparent that the employment of 
this species of prime mover on a common gravel 
road, would be in the highest degree destructive, 
and a considerable increase in the toll would be the 
certain consequence. 

In proof, however, that the necessity of em" 
ploying an iron track-road for these vehicles is 
not so serious an objection as at first view might 
be supposed, more particularly in our mining dis- 
tricts, the neighbourhood of Newcastle alone, af- 
fords, within an extent of twenty-eight square 
miles, more than seventy-five miles fitted for this 
species of conveyance; and it is a well known 
fact, that there are many situations in which iron 
rail-roads might be advantageously employed, in 
which it would be quite impossible to open ^ 
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CHAP. III. 

r 

Introduction and Improvemhits effected by Hulls — 
Duquet-'^oiiffToy— Fulton — Miller— Si/mington 
— Stanhope— Linnaker — Thames and Clyde boats 
— Progress of Steam Navigation in America* 

The possibility of emiploying steam as a moving 
power in the navigation of vessels, was known early 
in the last century; its practical application how- 
ever, on a large scale, has not been fully established 
, above twenty years. 

In 1698, Savery recommended the use of pad- 
dle-wheels, similar to those now so generally em- 
ployed in steam vessels, though without in the re- 
motest degree alluding to his engine as a prime 
mover; and it is probable that he intended to em- 
ploy the force of men or animals working at a 
winch for that purpose. About forty years after 
the publication of this mode of propelling vessels, 
Mr. Jonathan Hulls obtained a patent for a vessel 
in which the paddle-wheels were driven by an at- 
mospheric engine of considerable power. 

In describing his mode of producing a force 
sufficient for towing of vessels, and other purposes, 
the ingenious patentee says, " In some convenient 
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part of the tow-boat there is placed a vessel about 
two-thirds full of water, with the top close shut 5 
this vessel being kept boiling, rarefies the water 
into a steam ; this steam being conveyed through 
a large pipe into a cylindrical vessel, and there 
condensed, makes a vacuum, which causes the 
weight of the atmosphere to press on this vessel, 
and so presses down a piston that is fitted into this 
cylindrical vessel, in the same manner as in Mr. 
Newcomen's engine, with which he raises water 
by fire. 

" It has been already demonstrated that when 
the air is driven out of a vessel of thirty inches 
diameter, (which is but two feet and a half,) the 
atmosphere will press on it to the weight of 4 tons 
16 cwt. and upwards ; when proper instruments for 
this work are applied to it, it must drive a vessel, 
with great force." 

Mr. Hulls* patent is dated 1736, and he em- 
ployed a crank to produce the rotatory motion of 
his paddle-wheels, and this ingenious mode of 
converting a reciprocating into a rotatory motion, 
was afterwards recommended by the Abb6 Arnal, 
Canon of Alais in Languedoc, who, in 1781, pro- 
posed the crank for the purpose of turning pad- 
dle-wheels in the navigation of lighters. 

It is probable that Mr. Hulls anticipated some 
objection to bis new mode of propelling vessels, 
and it appears from Captain Savery's statement, to 
which we have already alluded, that a strong pre- 
judice had been raised against the use of propel- 
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ling wheels in vessels. Mr. Secretary Trenchard, 
who was at that time at the head of the Admiralty, 
had also given a decided negative to the proposi- 
tion. In answer therefore to the objections which 
might have been anticipated, Mr. Hulls proposed 
the following queries, which he afterwards solved 
in the most satisfactory way. 

" Query 1. — Is it possible to fix instruments of 
suflScient strengtjh to move sd prodigious a w^eight, 
as may be contained in a very large vessel ? 

Answer.^AW mechanics will allow it is possible 
to make a machine to move an immense weight, if 
there is force enough to drive the same, for every 
member ^lust be made in a proportionable strength 
to the intended work, and properly braced with 
laces of iron, so that no part can give way, or 
break. 

Query 2. — ^Will not the force of the waves 
break any instrument to pieces that is placed to 
move in the water ? 

Answer. First, It cannot be supposed that this 
machine will be used in a storm or tempest at sea, 
when the waves are very raging ; for if a merchant 
lieth in a harbour, &c. he would not choose to put 
out to sea in a storm, if it were possible to get out, 
but rather stay until it were abated. Secondly, 
when the wind comes ahead of the tow-boat, the 
fans will be protected by it from the violence of 
the waves, and when the wind comes side-waysj 
the waves will come edge-ways of the fans, and 
therefore strike them with the less force. Thirdly, 
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there may be pieces of timber laid to swim on the 
sqrface of the water on each side of the fans, and 
so contrived as they shall not touch them, which 
will protect them from the force of the waves. 

Up inland rivers where the bottom can pos-» 
sibly be reached, the fans may be taken out, and 
cranks placed at the hindmost axis to strike a shaft 
to the bottom of the river, which will drive the vesr 
sel forward with the greater force. 

Query 3/ It being a continual expense to keep 
this machine at work, will the expense be an- 
swered ? 

Answer. The work to be done by this ma^ 
chine will be upon particular occasions, when 
all other means yet found out are wholly insuft 
ficient. How often does a merchant wish that his 
ship were on the ocean, when, if he were there^ 
the wind would serve tolerably well to carry him 
on his intended voyage, but does not serve at the 
same time to carry him out of the river, &c. he 
happens to be in, which a few hours* work at this 
jnachine would do. Besides, I know engines that 
are driven by the same power as this is, where 
materials for the purpose are dearer than in any 
navigable river in England. Experience, there- 
fore, demonstrates, that the expense will be 
but a trifle to the value of the work performed 
by those sort of machines, which any person who 
knows the nature of those things may easily cal- 
culate." 

M. Duquet appears to have tried revolving 
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omrs as early as the year 1699, and experiments 
ivere made with them on a large scale both at 
Marseilles and at Havre :* this mode, however, of 
impelling vessels was soon given up as imprac- 
ticable; and after our countryman, Hulls, the 
Marquis de Jouflfroy unquestionably holds the 
most distinguished rank in the list of practical 
engineers, who have added to th^ value of this 
invention. 

It is evident from an article published in the 
Journal des DebatSy that in 1781 the Marquis 
constructed a steam-boat at Lyons, of 140 feet in 
length. With this he made several successful 
experiments on the Saone, near that city. The 
events of the revolution, which broke out a few 
years afterwards, prevented M. de Jouffroy from 
prosecuting this undertaking, or reaping any ad- 
vantage from it. On his return to France after a 
long exile, in 1796, he learned from the news- 
papers that M. De Blanc,- an artist of Trevoux, 
had obtained a patent for the construction of a • 
steam^boat, built probably from such information 
as he could procure relative to the experiments of 
the Marquis. The latter appealed to the govern- 
ment, which was then too much occupied with 
public affairs to attend to those of individuals. 
Meanwhile Fulton, who had gained the same in- 
formation, and was making similar experiments 



* Vide Becueil de Machines approuvdes par L* Acad^mie 
Boyaie de Sciences, tome i« 173» 
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near the Isle des Cygnes, alarmed M. De Blanc, 
who knew that he had much more to fear from the 
influence and mechanical skill of an Anglo-Ame- 
rican, than from that of an emigrant. He accord- 
ingly alleged his patent right, and requested the 
stoppage of Mr. Fulton's works, who returned for 
answer, that his essays could not affect France, as 
he had no intention to set up a practical compe- 
tition upon. the rivers of that country, but should 
soon return to America, which he actually did, 
and commenced the erection of those engines to 
which he has since laid claim as exclusive in- 
ventor.* 

Shortly after the first experiments were made 
by the Marquis de Jouffroy, a gentleman of the 
name of Miller, who resided at Dalswinton, pub- 
lished a work, in which he described the appli- 
catiori of wheels to the working of triple vessels 
on canals ; and in 1794 he completed a model 
of a boat on this construction, impelled by a 
steam engine. 

From this period till 1801, but little progress 
appears to have been made in this species of na- 
vigation : in that year Mr. Symington, who had 



* The Quarterly Review, in an admirable article inserted in 
the thirty-eighth number of that work, very justly exposes the 
pretensions of the Americans to this invention ; and points out 
some of the advantages which society owe to the above modest 
and philanthropic individual, not the least of which is the at- 
tempted introduction of the torpedo, and other apparatus for 
destroying human life by wholesale. 
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been employed in the construction of Miller's 
vessel, tried a boat propelled by steam on the 
Forth-and-Clyde Inland Navigation : this, how- 
ever, was shortly laid aside, on account of the 
injury with which it threatened the banks of the 
canal, from the violent agitation produced by the 
paddle-wheels. 

Mr. Symington's mode of connecting the pis- 
ton and paddle-wheel, was by placing the cy- 
linder nearly in an horizontal position, so' that by 
this means the necessity of employing a working 
beam was avoided. The piston was also sup- 
ported in its position by friction-wheels, and com- 
municated, by means of a rod, with a crank con- 
nected with the wheel, which imparts a motion 
to a paddle somewhat slower than its own. The 
paddle-wheel was placed in the middle of the boat 
towards the stern, and on this account it became 
necessary to have a double rudder, connected by 
rods, which were moved by a winch placed at the 
head of the boat. 

Mr. Symington also employed stampers placed 
at the head of the boat, for the purpose of break- 
ing the ice on canals ; and this plan, we believe, 
was also adopted in the original construction of 
the vessels intended for the Arctic expedition. 

In 1795, a very ingenious apparatus was in- 
vented by Lord Stanhope, and tried by that no- 
bleman in Greenland Dock. In this experiment, 
the paddies were made to resemble the feet of a 
duck, and were placed under the quarters of the 
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vessel. This plan was also tried in America, but 
it does not appear in either case to have answered 
the expectations of its projector. 

A plan has also been tried which in some mea^- 
sure resembles the French chain- pump. This 
was, we believe, first employed in the Duke of 
Bridgewater's canal, and consists in the use of a 
chain, with a number of paddles attached to it, 
going over two wheels placed level with the water 
line. A steam engine acting on the foremost 
roller, gave motion to the chain, and a continuous 
parallel motion was thus effected. 

In 1800 Mr. Linnaker obtained a patent for 
propelling vessels by forcing a stream of water 
from the stern, an additional supply being at 
the same time drawn in at the head of the vessel. 
This ingenious contrivance, however, appears to 
have been practised nearly a century back : a very 
circumstantial account. of the apparatus for this 
purpose being prefixed to the Specimina Ichnogra- 
phica of John Allen, published in 17S0. 

The first really practicable, and we may add 
profitable attempt at steam navigation in Europe, 
appears to have been made on the Clyde in the 
year 1812. This was a vessel for the conveyance 
of passengers, with an engine of only three horses' 
power, and which was of considerable draught. 
On account, however, of the numerous shallows in 
our rivers, it has since been found advisable to con- 
struct the vessels employed in this species of na- 
vigation so as to draw as little water as possible. 
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Hie greatest number of boats now in use either 
on the Thames or ClyJe navigation, are fitted up 
for the conveyance of passengers. They have 
two cabins, one before the engine, which is 
smaller, and at a reduced price, while the second, 

[or large cabin, is usually fitted up in the most 
elegant manpcr. In some cases the cabins enjoy 
the additional advantage of being heated by 
steam, while others are heated by means of a 
pump, which forces a current of air over the 
chimney into the cabin. The engine-room is 
seldom more than twenty feet in length, and 
little more than half as many in width ; this 
being sufficiently large for an engine of twenty 
horses' power, with all requisite apparatus, two 
boilers, and abundant stowage for coals. By an 
ingenious contrivance, the chimney, which is of 
considerable height, is made to lower nearly level 
■with the deck. The joint that covers the flue 
during this process, acting upon the same princi- 
ple as the sliding shells of a lobster's back, which 
completely prevents the escape of smoke. 

From a series of accurate experiments and cal- 
culations lately made, it appears, that the expense 
attendant on the navigation of a small vessel is 
much larger in proportion, than where an engine 
of greater power is employed ; and, consequently, 
we find that steam-boats of great burden are now 
constructed. In America, more particularly, these 
boats usually run from three to four hundred tons 
; great width of their rivers rendering 
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vessels of this size perfectly manageable* Mr. 
Buchanan, however, recommends the use of a 
vessel, whose dimensions shall not exceed seventy 
feet in keel, and ninety tons burden, as the most 
eligible size for a luggage and passage boaL 

It has been stated, and we think with some de- 
gree of reason, that the security an4 comfort of 
passengers by steam^boats would be best con- 
sulted by the employment of a subsidiary vessel of 
sufficient burden to convey the engine and heavy 
luggage. By the adoption of this plan, the 
danger to the passengers from the bursting of the 
boiler, or other apparatus, would be entirely pre- 
vented, and the high-pressure engine generally 
employed. It would also remedy the loss and in- 
convenience attendant on the continual shaking 
of the vessel, which, if large and lightly con- 
structed, will be shaken asunder by the engine in 
a very short period. And last, though certainly 
not the least among the advantages likely to ac- 
crue from the adoption of this plan, it would ma- 
terially diminish the disagreeable effect arising from 
the heat of the furnace and noise of the engine^ 

To remedy the inconvenience that has some- 
times been experienced from the difference in the 
draught of vessels by which the paddle-wheels are 
at one time sunk beneath the centre of their axis, 
while at another time they scarcely touch the 
water, a mode of adjusting their relative height 
has been introduced. An apparatus calculated to 
effect this very desirable object, without retailing 
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the motion of the vessel, was lately presented to 
the Society of Arts, by Mr. Dickson, who re- 
ceived the silver medal for the above comma* 
nication. 

Mn D. states, that the great utility of this 
improvement consists in its application to sailing 
vessels: Foj: instance, suppose a steam vessel to 
be going direct against the wind by means of the 
whole power of her steam engine, and that the 
wind should change and become favourable, the 
propellers may, by these means, be immediately 
raised out of the water, and the vessel allowed to 
have the whole effect of the sails, thereby saving 
the expense of fuel. All steam vessels now in 
use, experience so great an impediment from the 
propellers being always in the water, as to render 
sails of no benefit. Another advantage will be de- 
rived when there is only a gentle breeze in the 
vessel's favour, as the propellers can be set to 
work, which will take hold of the water at plea- 
sure, and thereby unite the power of the steam to 
that of the wind, which will secure the passage in 
the given time, at much less expense, as the en- 
gine will only consume fiiel in proportion to the 
labour it has to perform. A farther advantage 
will be found when the vessel has only a side 
wind; for, by the use of this contrivance, one of 
the propelling .wheels can be worked with its full 
power in the water, and the other entirely lifted 
out, if necessary. 

For the purpose of accurately trimming the ves- 
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sel, Mr. Dodd recommends the use of a tank or 
cistern, placed beneath the projecting deck on 
each side the vessel, the water ballast for which 
may be raised by the working of the engine. This, 
on being discharged by means of a plug, would 
give a preponderance to the opposite side of the 
vessel, and as it would be placed at the end of a 
lever, the fulcrum of which is the keel, a small 
quantity of water would have considerable effect. 
A contrivance nearly similar to this, has been 
adopted for a considerable period of time on board 
one of the Gravesend steam ^vessels. It consists 
in the use of a small carriage made to contain an 
iron cable, which is occasionally employed to 
moor the vessel, and its weight is such that the 
vessel may readily be trimmed by moving it from 
side to side. 

Mr. Maudslay has lately constructed a large 
engine for a steam-boat invented by Mr. Brunei, 
which has two cylinders acting alternately upon 
different cranks, formed upon the same axis at 
right angles to each other, so that the motion is 
continued without the action of a fly-wheel. In 
this engine, one boiler is placed between the two 
cylinders, and one air-pump and condenser ex- 
haust them both ; so that by these means an en- 
gine of considerable power is contained in the 
smallest possible space. 

Some idea of the prevalence of steam navigation 
in the more northern parts of our island, may be 
formed from the following estimate of the number 
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of passengers who have availed themselves of this 
species of conveyance in the coursfe of one year. 
On the Forth and Clyde canal, between Glasgow 
and Edinburgh, 94,950 j between Glasgow and 
Paisley, by the Ardrassan Canal, 51,700; and 
from Glasgow, along the Monkland canal, 1 8,000. 

Steam-boats of a large size are now employed 
in the Adriatic. One (La Carolina) goes regularly 
every second day from Venice to Trieste ; another 
(L* £ridano) passes between Pavia and Venice, 
and with such celerity, that the voyage is accom- 
plished in thirty-seven hours. 

We have now to notice the labours of our trans- 
atlantic brethren in this important branch of naval 
engineering. Profiting by the hints thrown out 
both by the Marquis de Jouffroy and Mr. Miller, 
Fulton, who had also seen Symington's boat, order- 
ed an engine capable of propelling a vessel to be 
constructed by Messrs. Boulton and Watt. This 
was sent out to America and embarked on the 
Hudson in 1807,* and such was the ardour of the 



* Its first appearance on these waters^ is thus described by 
the biographer of Fulton. 

" She had the \nost terrific appearance^ from other vessels 
which were navigating the river^ when she was making her 
passage. The first steam-boats, as others yet do, used dry 
pine wood for fuel, which sends forth a column of ignited vapour 
many feet above the flue, and whenever the fire is stirred a galaxy 
of sparks fly off, and in the night have a very brilliant and beau- 
tiful appearance. This uncommon light first attracted the atten- 
tion of the crews of other vessels. Notwithstanding the wind 
and tide were adverse to its approach they saw with astonish- 

F 
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Americans in support of this apparently new dis- 
covery, that the immense rivers of the new world, 
whose great width gave them considerable advan- 
tages over the canals and narrower streams of Eu- 
rope, were soon navigated by these vessels. 

The city of New York alone possesses seven 
steam-boats, for commerce and passengers. One 
of those on the . Mississippi passes two thousand 
miles in twenty-one days, and this too against the 
current which is perpetually running down. The 
above boat is 126 feet in length, and carries 460 
tons, at a very shallow draft of water, and conveys 
from New Orleans, whole ships* cargoes into the 
interior of the country, as well as passengers. 

The following list of steam-boats now in opera- 
tion on the river Mississippi, and its tributary 
streams, has been published by Mr. Robinson. 





T<mt. 


• 


Totu, 


Vesuvius 


S90 


Kentucky 


80 


Etna 


390 


Governor Shelby 


120 


Buffalo 


300 


Madison 


SOO 


James Monroe 


90 


Ohio 


443 


Washington 


400 


Napoleon 


339 


Constitution 


75 


Volcano 


^50 


Haraot 


40 


General Jackson 


^00 



ment that it was rapidly coming towards them $ and when it 
came so near as that the noise of the machinery and paddles 
was heard, the crews in some instances shrunk beneath their 
decks from the terrific sights and left their vessels to go on 
shore, while others prostrated themselves^ and besought Provi- 
dence to protect them from the approaches of the horrible mon« 
ster, which was marching on the tides, and lighting its path by 
the (ires which it vomited. 
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Ton*. 




TotUi 


Eagle 


70 


Experiment 


40 


Heda 


70 


St. Louis 


220 


Henderson 


85 


Vesta 


100 


Johnston 


80 


Riflleman 


250 


Cincinnati 


120 


Alabama 


200 


Exchange 


200 


Rising States 


150 


Louisiana 


54 


General Pike 


250 


James Ross 


320 


Independence 


300 


Frankfort 


320 


Paragon 


400 


Tamerlane 


320 


Maysville 


150 


Cedar Branch 


250 


Total 


7259 




Buil 


ding. 






Tom, 




Totu, 


2 at Pittsburgh of 180 tons 360 


1 at Portland (Kentucky) 30Q 


2 at Wheeling, of 500 and 


3 at New Albany each 220 660 


100 


600 


4 at Clarkesville 


500 


2 at Steubenville 


90 


1 at Salt River 


160 


1 at Marietta 


130 


1 at Vevay 


110 


1 at Maysville 


110 


1 at Madison 


120 


8 at Cincinnati 


720 


1 at Rising Sun 


90 


2 at Cincinnati 115 


and 


1 on the Wabash 


SQ 


250 


365 


2 at NewOrleans^ach200 400 


S at Newport 


500 






1 at Je£fersonvilIe 


700 


Total 


5995 



In addition to which there have been lost by 
accidents of different kinds, the following steam- 
boats: Orleans, 400 tons; Comet, 15; Enterprise, 
45 'y Dispatch, 25} Franklin, 125 ; Pike, 25; New 
Orleans, 300. 

The Savannah, of 350 tons burden, crossed the 
Atlantic, and arrived at Liverpool from the United 
States in twenty days, the greater part of >vhich 

f2 
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time the steam engine was in action. The steam 
apparatus in this vessel occupies the greater part 
of the hold from the main-mast to the fore-mast, 
a small space being reserved at each side for the 
conveyance of coals which in this engine amounts 
to about ten tons per day^ and from this it will be 
seen that there is but little room can possibly be 
left for the stowage of cargo, &c.* 

The paddle-wheels in the Savannah, are affixed 
to a cast-iron axle-tree, passing through the side9 
of the vessel above the bends ; nearly the whole 
of each wheel being taken to pieces, and re- 
moved in the event of bad weather: two prin- 
cipal arms, which are also of cast metal, being 
the only parts remaining, and these in high seas 
are placed in a horizontal position, producing ' 
but little inconvenience in the navigation of the 
vessel. 

According to Mr. Buchanan the expense of a 
steam-boat on the Clyde navigation, with two en- 
gines, each of which make forty-five twenty-two 
inch strokes per minute, appears to be rather 
more than two thousand pounds. t The following 
estimate contains the separate items. 



* Vide Act regulating the Stowage of Steam-vessels^ ia Ap- 
pendix. 

t The number of hands employed in this vessel were eight 5 
viz. captain, pilot, engine-man and assistant, seaman and as- 
sistant, and the steward and assistant. Those carrying goods 
only^ have seldom more than five hands. 
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The hull ^£'700 

Steam Engine 700 

Paddle wheels and other machinery . . . SCO 

Joiner*s work 300 

Upholsterers' work 70 

1970 
Contingent expenses 330 

2300 

Mr. Dodd estimates the expense of completing 
a vessel of an hundred tons burden, and drawing 
four feet six inches water, at about six thousand 
pounds ; while the first cost of a steam-boat on 
Mr. Symington's plan, doing the work of about 
twelve horses, and travelling at the rate of two 
miles and a half per hour, has been estimated at 
about eight or nine hundred pounds. The con- 
sumption of coals however, in 'this and in all other 
engines connected with steam navigation is much 
more considerable than when employed on land. 
In a fourteen-horse power engine, on Messrs. 
Boulton and Watts construction, they consume 
I cwt. 1 qr. 20 lbs. per hour of good Newcastle 
coal: while an engine of thirty-three horses' 
power, requires a proportion scarcely equal to 
two-thirds that quantity. 

The employment of high-pressure engines for 
the purpose of steam navigation, has unfortunately 
given rise to a considerable prejudice against 
the general use of this economical and expedi- 
tious prime mover. The attention of the legis- 
lature was first drawn to this subject by the 
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explosion of a high-pressure boiler in a vessel 
employed for the conveyance of passengers in the 
neighbourhood of Norwich, on which occasion 
the consequences were of the most terrific nature. 
As, however, the matter was very fully examined 
by the Committee of the House of Commons, 
appointed to inquire into the various particulars 
connected with this unfortunate catastrophe, we 
shall content ourselves by referring the reader to 
the important facts contained in the annexed ab-^ 
stract, which fully demonstrates the possibility of 
constructing a steam vessel, uniting the essential 
qualities of safety, economy, and celerity. 



CHAPTER IV. 



Abstract qf Evidence before a Select Committee of the 
Home qf Commons on Stsam Navigation.* 



Mr. Bryan Donkin was called in and 

examined^ 

Witness went down to Norwich, as a volunteer, 
to inquire into the cause of the explosion of a steam- 
boat. Was accompanied by Mr. Timothy Bramah 
and Mr. CoUinge. Was of opinion that the im- 
mediate cause of that explosion had been the use 



* The Committee commenced its sittings May 8^ 1817^ and 
consisted of the following highly respectable individuals:^-* 
Charles Harvey, Esq. in the chair ^ Mr. William Smith, Mr. 
Davies Gilbert, Sir Martin Folkes, Sir James Shaw, Sir William 
Curtis, Sir Charles Pole, Mr. Alderman Atkins, Mr. Williams 
Wynn, Sir Edward Kerrison, Mr. Lacon, Mr. Shaw Lefevre, 
General Thornton, Mr. Edward Littleton, Mr. Finlay, Mr. 
Leader, Mr. Alderman Smith, Mr. Wrottesley, Mr. Barclay, Sir 
James Graham, Mr. Swann, ]VIr. Charles Dundas, Mr. Holmes, 
Mr. Thompson, and Mr Ben net. 

On the 14th of the same month. Sir Matthew Ridley and Mr. 
ElUsoQ were added to the Committee. 
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of steam of a very high expansive force ; the ap- 
proximate cause was a deficiency in strength of 
the end of the boiler. The boiler was cylindrical. 
The cylindrical part, and one end, was wrought 
iron ; and the other end was cast iron. It ap- 
peared to have been previously of wrought iron, 
but, for some reason, the wrought iron end had 
been cut out, and a cast iron end substituted in 
its place. — Was of opinion that any high-pressure 
boiler so constructed was unsafe. The difficulty 
of obtaining a proper degree of strength at all 
times, in the materials of which the boilers were 
made, arose from the constant deterioration which 
they must be suffering from the action of the fire, 
and from the various degrees of expansion and 
contraction, operating on different parts of the 
boiler. — Would not choosd to use a high-pressure 
engine, from the danger which arose from their 
use. — Thought it just to state to the Committee, 
that there was an advantage to be derived from 
the use of high-pressure engines on board of 
boats, which were necessarily loaded differently at 
different times. This different loading required a 
different power in the steam engine, and the high- 
pressure engine was capable of having the addi- 
tional power given to it without difficulty ; whereas, 
in the lower-pressure engines, they were confined 
to the power first assigned them. — Scarcely ever 
saw the low-pressure engine beyond six pounds 
to the inch. — Had known one boiler worn out in 
six months, and another used for seven or four- 
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teen years. The strength of cast-iron boilers was 
extremely uncertain : east iron was liable to con- 
tract in various degrees in different places, and 
therefore was liable to break. — Thought that all 
cast-iron boilers were dangerous when used for 
steam of high expansive force. It was more prac- 
ticable to make a boiler of the malleable metals to 
resist a high pressure, as far as the tenacity of the 
metals was concerned ; but another difficulty oc- 
curred which prevented the application of the 
malleable metals to boilers for high-pressure 
engines, which was that of rendering the joining 
of the plates secure. — Believed that wrought-iron 
boilers were much less frequent than the cast-iron 
boilers, and in Wolfe's engines they were scarcely 
used at all. — Should think that the cast-iron 
boilers would be cheaper than wrought, if made 
of equal strength. — Considered that in case of the 
explosion of a cast-iron or a wrought-iron boiler, 
the cast-iron would be attended with the greatest 
danger. In employing the malleable metals a 
simple rending generally took place, so that it 
would seldom happen that the upper part of the 
boiler would be torn off; but, in a cast-iron boiler, 
the fragments would be scattered about, and be 
more destructive. — The boilers invented by Mr* 
Linns and Mr. Wolfe were all of them cast iron. 
— Mr. Wolfe's had been in use nearly ten years. - 
Considered low-pressure boilers as safe from ex-, 
plosion in all instances, used with no farther pres- 
sure than six pounds.— -Had seen very few boilers 
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constructed for the purpose of a low-pressure en* 
gine, or a condensing engine, that would sustain^ 
a pressure of ten pounds without occasioning con- 
siderable leakage, or without forcing the joints.—* 
Had never heard of an explosion with the low- 
pressure boiler of any consequence wTiatever,-— 
merely giving way of the plates, or the wearing 
out, not such a bursting as could be called an ex- 
plosion. — Conceived Wolfe's mode of construct- 
ing boilers to be a considerable improvement, — a 
very material one. Had likewise been told, 
though without having seen one, that Trevethick 
had invented a method of making boilers by in- 
creasing their length and decreasing their dia- 
meter, so as to render them capable of sustaining 
pressure to a much greater degree than here- 
tofore.— In high-pressure engines the expansive 
force of steam was very variable, from thirty 
pounds to one hundred and twenty pounds upon 
the square inch, or even perhaps higher than 
that. Instances had been known in which a 
boiler had been worked at one hundred and sixty 
and one hundred and eighty pounds. — Had no 
doubt but Cornwall had derived incalculable ad- 
vantages from the use of high-pressure engines. — 
According to the general construction of low- 
pressure boilers, they were so rivetted together, 
as to withstand the low pressure they were in- 
tended to bear ; and they always gave indications 
of an increase of pressure long before any danger 
could be apprehended from them either by the 
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joints giving way, or the steam forcing a passage 
through. — Had witnessed several experiments on 
Wolfe's engines, where the object was to ascer- 
tain the comparative expenditure of coal^ or fuel 
in grinding corn, between his engines and the 
low-pressure or condensing engines ; and the re- 
sults were decidedly in favour of Mr. Wolfe's 
engines. — Apprehended that there was no saving 
of fuel, or very little, in the common high-pressure 
engine. — The average effect in Wolfe's engine, 
was the grinding eighteen bushels of wheat with 
one bushel of coals ; while the average effect of 
Boulton and Watt's engine, or the low-pressure 
engines, was the grinding of from ten to twelve 
bushels of wheat with a bushel of coals. 

Seth Hunt, Esq. was called in, and examined. 

Had formerly been commandant of Upper 
Louisiana. — Knew that in the United States a 
great number of steam-boats had b^en established. 
The first was at New York. There were then 
running between New York and Albany, ten 
boats : two between New York and the state of 
Connecticut ; four or five to New Jersey ; be- 
sides the ferry-boats, of which there were four. 
These boats were all worked by low-pressure en*, 
gines : no accident had ever happened to any one 
of them : they had been running since the year 
1807; and the boats at Albany performed about 
forty trips each per annum. — They went a dis- 
tance of a hundred and sixty miles in twenty-one 
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hours, and came down in nineteen : sometimes a 
little longer, but never shorter than nineteen; 
that was the quickest passage. — Some of them 
went a];K)ut seven miles an hour in still water: 
some boats had gone nine, ten, or eleven miles ; 
but that was under particular circumstances. 
They had come from Newhaven to New Yoi^ 
(ninety miles) in six hours and a half, without any 
sail. — Those which went to Albany passed up the 
North River; and the others, to Connecticut, 
passed through Long Island Sound, forty miles 
broad in one part of it. On the river Delaware 
there were a number of boats also established, 
which plied between Philadelphia and Trenton in 
New Jersey; also others between Philadelphia 
and Newcastle, and Philadelphia and Wilmington, 
beside ferry-boats. Several of those boats had 
low-pressure engines; others had high-pressure 
engines, from one hundred to one hundred and 
forty pounds on the square inch, and as high as 
one hundred and sixty ; but those engines were 
constructed upon Oliver Evans's plan, called the 
Columbian plan. They were of wrought iron.— 
There were no boilers cast in America. Presumed 
that might arise from their not having founderies 
in which they could cast them sufficiently large. 
They were all wrought-iron boilers, or copper : all 
which had to pass through salt water were copper. 
The boat Etna, which passed between Phila- 
delphia and Wilmington, was a high-pressure en- 
gine, and outstripped all the other boats : there 
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was no competition at all between them. There 
were boats from Baltimore to Norfolk, which 
passed a part of the Chesapeake sixty miles in 
width. They have been to New London, which 
was still more exposed ; and had been up to New 
Hertford. Those were low-pressure engines.— 
The Powhawton steam-boat was built at New 
York} went into the open ocean; encountered 
for three days a very severe gale of wind, arrived 
safe at Norfolk, and up to Richmond. The gentle- 
man was now in England who navigated her ; and 
had heard him say that he felt himself as safe 
as he should in a frigate ; and he said there was 
this advantage, that the steam power enabled him, 
when they could not have borne sails, to put the 
head of the vessel to the sea instead of lying in 
the trough of the sea, being exposed to be over- 
run by the waves, — The largest steam-boats in 
America were those on the Mississippi, the Etna 
and the Vesuvius which ply between New Or- 
leans and Naches. They were four hundred and 
fifty tons, and they carried two hundred and 
eighty tons merchandise, one hundred passen- 
gers, and seven hundred bales of cotton, besides 
the passengers transported to New Orleans. — • 
Remembered only three accidents having hap- 
pened to steam-boats in America. The first hap-f 
pened on the Ohio, and was occasioned by the 
negligence and inattention of the engineer, who 
loaded the safety valve, and neglected to attend 
the fire. All hs^nds were engaged in hoisting the 
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anchor : the fire was in a very high state, and of 
course produced a vast deal of steam that did not 
escape by the ordinary operation of the engine, 
which would discharge it and carry it off.— What 
was called the safety-valve had been improperly 
loaded and neglected. — The next accident hap- 
pened not from any fault of any body, but from 
an act of God : it was lightning, as was satisfac- 
torily explained to the public, both by the pas- 
sengers, and those interested in the boat. That, 
was at Charlestown, in South Carolina. The pipe 
which carried the smoke up to the top attracted 
the lightning, and it went down, and split the 
boiler. — A third accident happened lately to the 
Powhawton. She was not in operation when it 
happened : they were out of fuel ; they stopped 
their boat, and lay still upon the water, while 
they went after wood ; still, however, they kept 
up their fire; and the steam was so high, that it 
exploded in that situation, there being no con- 
sumption of the steam as it accumulated. Those 
are the only accidents that ever happened, except 
such as have happened from vessels taking fire.— 
No accident had ever happened in America to a 
high-pressure engine, either in a manufactory or 
out of it ; and there were many engines used in 
the manufactories, and in flour-mills and saw-mills, 
constructed upon the plan of Oliver Evans, which 
acted on the high-pressure principle to one hun- 
dred and fifty pounds an inch. He had worked 
one hundred and sixty, but one hundred and, 
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twenty was his constant average- The fuel, in 
most places, was wood j at Pittsburgh, and on the 
Ohio river, it was coal and wood ; at Pittsburgh, 
and at Laceling, and at a hundred other places, 
there was a solid mass of coal fifty miles square. 
They drove a shaft horizontally into the hill, and 
the coals were abundant above their head ; in the 
mountains, as fine coal as any in the world. It 
was delivered^ at the houses of the inhabitants at 
sixteen bushels per dollar. — The number of steam- 
boats was rapidly increasing upon both the low 
and high pressure system, because they had dif- 
ferent interests and different companies. Mr. 
Evans being a patentee, they had to give some- 
thing for the use of his patent ; if they could not 
make their bargain with him, they used the low- 
pressure engine; but there was a new engine, 
built for one-third of the money, coming into use 
in several of the steam-boats, invented in Ame- 
rica, a perfect rotatory engine ; and it was sup- 
posed that it would supersede all other engines.— 
Knew of no other guard than that of properly 
constructing the safety valves, and the manner of 
loading them, so that they could not get on more 
than a certain weight ; they must of course con- 
struct them strong enough, and prove them. 
They were under no Government regulations.-^ 
It was supposed that a rotatory engine consumed 
less coals than one with a reciprocating beam. 
Twelve bushels of coals, with the rotatory motion, 
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would perform the same work as the other engine 
with twenty. 

Mr. Timothy Bramah, of Pimlico, Engineer, 

called in and examined. 

Did not think that a high-pressure engine, 
under any guard that could be applied to it, was a 
safe engine to use in a steam-boat. — ^Thought 
that if a boiler was prepared to sustain one hun- 
dred pounds, and strained with a force equal to 
two hundred pounds, it might afterwards, per-* 
haps, break at forty, the straining having injured 
it. — Apprehended that a boiler, upon a proper 
construction, of wrought metal, might be tried 
with a certain force, so small in comparison with 
that pressure which it was intended to bear, as 
not to incur any risk of being injured in the 
prooi, and have a complete surplus of strength, so 
as to enable it to be afterwards used without any 
danger in the use. — Would recommend the use of 
two safety-valves, one to lock up ; and to have it 
examined once a week, or as often as might be ne- 
cessary, to see that its action was perfect. — Had 
seen many cast-iron vessels burst. The wrought 
iron generally tore and opened out, to admit of 
the fluid escaping; it was generally the fluid 
which did the mischief when the wrought iron 
was used, and it was both the fluid and the mate- 
rials which did the mischief when the cast iron 
burst. The effect in cast metal was to carry the 
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pieces of the metal to a considerable distance, 
which was seldom the case in the wrought, unless 
where there was any cold shut in the metal. The 
cast would burst like a shell, projecting the par- 
tides of the metal to a considerable distance. — 
Where wrought-iron boilers had burst, the injury 
sustained by the individuals had arisen from the 
fluid's escaping, and in cast-iron boilers it had fre- 
quently been by the expansion of metal. Copper 
being purer was not subject to the same danger. 

Mr. John Taylor, of Stratford, in Essex, 
called in and examined. 

Was acquainted with the accident which lately 
happened to the steam-boat at Norwich. Had 
heard that the plate of cast iron was of inadequate 
thickness for the strain to be put upon it. With 
respect to the impropriety of cast iroii compared 
with wrought, had also constructed one of the 
high-pressure boilers precisely in the same man- 
ner: the boiler was proved to one hundred pounds 
a square inch by the water-proof, commonly used 
with about forty pounds* -pressure ; but the cast 
iron broke one day with less than twenty pounds' 
pressure of steam ; the fracture being caused evi- 
dently by the heat expanding unequally, and 
being kept from going to the form it would other- 
wise assume. — Had seen the Well-street boiler in- 
tended- to boil sugar. The thickness was in- 
tended to be about two inches, or two inches and 
a quarter; but by insertitig the core unequally, 

G 
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the thickness on one side was three quarters of an 
inch ; on the other side the thickness of the metal 
was two inches and a quarter, or thereabouts; 
therefore, to the general difficulty of cast iron 
was added a most improper construction. — Under- 
stood from the men who were working there, that 
there had been something like a mercury gauge 
attached to it, but that the mercury never fluc- 
tuated. It was probable there was a pressure of 
more than one hundred pounds. — Considered 
that a wrought-iron boiler might be rendered safe 
by the use of a column of mercury in a siphon or 
tube of sufficient size. When that mercury was 
displaced by the expansive force of the steam, 
which would be regulated by the height of that 
tube, to admit of the efflux of the steam from the 
boiler as fast as it was generated by the fire ; in 
that case, the expansive force could not increase 
in the boiler, the mercury would be blown out, 
and the steam would escape. Conceived it essen- 
tial to have a second safety-valve, which should 
be under the control of the master or proprietor 
of the works ; and there was another small con- 
trivance very important to the safety of the boiler. 
Boilers had frequently been weakened very much 
by the water having been evaporated too low. 
To remedy this, a hole should be previously 
bored in the bottom, rivetted by a piece of lead, 
so that the lead would remain perfectly secure as 
long as it was covered with water ; but, the mo- 
ment the water icfl it, the lead would melt, and 
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the steagi being blown through the hole, would 
put out the fire. Besides giving the signal of 
what was wanted, it would at once put an end to 
the cause of danger. — Considered that the mer- 
curial gauge acted as a safety-valve, which could 
not be stopped or put out of ord^r ; and it had 
the advantage of exhibiting, during all times of 
the boiler's working, the state of the steam within 
the boiler, by the fluctuation that took place in 
that column, as indicated by the appearance upon 
the surface of the mercury. If the mercury be- 
came stationary, it might readily be suspected 
that that tube was stopped; therefore it would 
point out itself instantly that it had become not 
what it ought to be. The safety-valve had not 
that advantage, as it did not indicate any thing 
till the steam was blown out by raising the weight. 
—With respect to the value of high-pressure 
steam for working engines in Cornwall, of late a 
a most valuable improvement had taken place ; 
and if it was an object to save coal to steam-vessels 
upon a large scale, high-pressure steam became 
an object of great importance to them, if applied 
upon the principle that Mr. Wolfe had in the first 
place introduced, but which had been applied by 
Mr. Simms and others. Was of opinion that those 
high-pressure boilers might be made with equal 
safety as low-pressure boilers. — Had prepared a 
statement of the work done by the engines on the 
principal mines in the county of Cornwall. It 
fitated the consumption of coal and the work 

G 2 
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done bj eveiy engine therein named ; fixmi which 
it appeared that the average work of engines then 
in the county of Cornwall was to raise about 
twenty millions of pounds of water one foot high 
by the consumption of one bushel of coals : that, 
by the introduction of high-pressure steam, under 
the best mode of management, an eSect equal to 
from forty-three to forty-five millions pounds of 
water was raised to the same height by the same 
quantity of coal, thereby producing above double 
the efiect.— Apprehended that condensing or 
low-pressure engines were equaUy liable to be 
blown up by the carelessness and inattention of 
the engineer conducting them with high-pressure 
engines. In France, at Crusal, some very good 
engines were erected by Mr. Wilkinson, at a very 
large work ; they were on Boulton and Watt*s 
principle: one of them blew up, and killed several 
people. — Conceived that the mercurial gauge, if 
of sufficient bore, might be applied with ease to 
the high-pressure boilers, so as to produce safety 
as certainly as the column of water, which was in 
fact a water-gauge, such as was usually applied to 
the low pressure. — Conceived that there would 
be no difficulty in constructing a safety-valve, so 
as to operate with certainty, and yet be safe from 
any impediment which the engineer might inten- 
tionally place in the way of its operation, without 
incurring any very considerable expense. 
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Mr. John ColIinge, of Bridge Road, Lambeth^ 

Engineer, examined. 

Went to Norwich, in consequence of the ac- 
cident that happened to the steam-boat there. — 
Attributed the explosion of that engine to the 
construction of the boiler. It was composed en- 
tirely of wrought iron, except one end, and that 
was capped with cast iron. The cylindrical part 
was made of wrought iron. — ^Was of opinion that 
any material .under veiy severe pressure was 
liable to fail, and cast iron for this reason, bes. 
cause, in all large bodies, it was found that the 
air could not wholly escape in the act of fusion. 
Had occasionally had large masses of cylinders 
and pans to break up, and frequently f9und cells 
where the air could not escape. There was cer- 
tainly a much greater dependence upon wrought 
iron or upon wrought metal ; perhaps it would be 
better to include copper. — In the event of any 
accident happening to the boiler, the greatest 
mischief would be likely to arise from cast iron, 
because cast iron flew off in fragments, and 
wrought iron from its superior tenacity did not. 
— Remembered an accident having occurred at 
Maiden, where a boiler, nineteen feet long, was 
blown off from the seat of its connection with 
the base. Had found, in making wrought- iron 
boilers, that, if they were made of metal of a 
considerable substance, they could not be so well 
united to make them steam-tight ; it was a very 
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difficult thing to do. The rivets that were ap- 
plied to wrought- iron boilers were put in hot, 
and, when they were hammered, to secure the 
joint, they got cold, shrunk, and did not always 
fill the hole through which they had passed. — 
Had no conception that any safety-valve could be 
applied to render them perfectly secure under 
heavy pressure.— Thought the mercurial gauge 
would be the greatest safety for a boat, if it could 
be judiciously applied. — The condensing engines 
should not be more than four pounds to an inch } 
and, if the capacity of the vessel allowed of it, the 
condensing engines answered every purpose, be- 
cause the making a wrought-iron boiler would be 
on such a scale of thickness, that, if more than 
the usual pressure was applied, the rivets would 
fail, and constitute a security against any fatal 
occurrence. — Thought from the power that was 
wanted into steam-boats, condensing engines were 
the best engines applicable for that purpose.—- 
Did not conceive it impossible to construct a 
wrought-metal boiler, with safety-valves properly 
adjusted to its capacity, and a mercurial gauge, 
supposing that to be capable of being applied^ 
which should render a high-pressure engiqe, on 
board a steam-boat, what might be called per- 
fectly safe.— Thought that in order to give secu* 
rity to the public in travelUng by steam-boats, it 
might be necessary to have an examination of 
each engine two or three times a year, as it wpuld 
create confidetice. 
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Mr. William Chapman, of Newcastle-upon-Tyne^ 

Civil Engineer, examined. 

Considered all engines, whether high-pressure 
or low-pressure, as dangerous to the passengers, 
unless due precaution was taken to emit the 
steam, when exceeding a given pressure ; for, in 
low-pressure engines, the boilers were always 
liable to burst, or to alter their force, when the 
pressure became greater than the resistance. All 
wrought-iron boilers, but those that were cylin- 
drical in the section, and with hemispherical ends, 
or portions of spheres, or cones, or coniads, were 
liable to alter the form by the natural expansive 
force of the steam, and therefore all boilers of 
those forms owed their safety to their weakness, 
because, if weak, they would alter their form 
without danger, and, if strong, they have been 
known to bend the iron so abruptly as to break 
asunder. — There were high-pressure engines, 
working with a force of from fifty to sixty-five 
pounds per inch, and no accident had happened to 
any of them but to one, the safety-valve of which 
was stopped up by a man sitting upon it pur- 
posely. He said, he would have a good start, 
and surprise them. The consequence was, the 
boiler blew up, and killed and wounded a very 
considerable number of people. — Considered that 
the high-pressure engine could only be rendered 
safe by having the boiler of the form already de- 
scribed, and the ^lindrical part of an unlimited 
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diameter, with a competent thickness of wrought 
iron or copper, and the plates secured to each 
other by a double line of rivets. It was also 
requisite that there should be two safety-valves, 
each laden with any determinate weight per su- 
perficial inch of the narrowest part of the seat of 
the valve. One of those valves should be at 
perfect liberty to be raised at the pleasure of the 
manager, because sometimes it was expedient to 
raise it. The other should be under a cover of 
such description as not to be opened at all at the 
discretion of the engineer, but with sufficient 
apertures for the emission of the steam, and for 
any of the passengers to see that the valve was 
not made fast. It was also requisite that there 
should be a mercurial gauge of not less than an 
inch in diameter, and whose longest limb should 
not be greater than two inches and one^eighth for 
every pound per inch upon the safety-valve for 
each. It was necessary, by occasional inspec- 
tion, to take care that the mercury did not stiffen 
by oxydation, occasioned by the heat and* motion 
to which it was in a slight degree liable.— Con- 
ceived that a high-pressure engine, thus guarded, 
might be used with perfect safety on board a 
steam-boat, so long as the boiler was kept in 
order} but the boiler bottom was liable to erode 
or consume by the action of the fire, and there- 
fore required watching. — Thought a boiler might 
last twelve months, provided its bottom was made 
of charcoal-iron, beat, not rolled, because there 
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was a great deal of difference in the grain.— 
Would recommend all the boilers on board steam- 
boats to be made either of copper, or charcoal- 
iron plates, beat under the hammer, and not 
rolled. The resistance of the cylindrical boilers 
would be precisely in the inverse ratio of the 
diameter. 

Mr. Philip Taylor, of Bromley, Middlesex, 
Manufacturing Chemist, examined. 

Considered the first and most material point to 
attend to in the construction of high-pressure 
boilers was, that their diameters should be small 
in proportion to their capacity j that as small a 
proportion of the external surface of the boiler as 
possible should be exposed to the destructive 
action of the fire ; and that that portion of the 
boiler which was subjected to the action of the 
fire should be so situate and guarded, that, in 
case of explosion, the least possible mischief 
should arise. In all boilers which he had made 
use of, no portion of the boiler was exposed to 
the action of the fire, without its being constantly 
covered with water. In the boilers constructed 
under his direction, the 'fire was applied under 
an arch of not more than two feet and a half in 
diameter: this provided against any extensive 
rents taking place in the event of explosion. 
All the boilers he had hitherto employed had 
been constructed of malleable iron, commonly 
known by the name of charcoal-iron, rivetted 
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together, and secured by strong wrought-iroa 
bolts. From observing the danger arising from 
the introduction of flat cast-iron ends, had inva- 
riably terminated the ends of the boilers by 
wrought-iron ones, tiearly hemispherical: this 
mode of construction, so far as his experience 
had gone, combined more strength and dura- 
bih'ty than any other. The precautions he had 
used to guard against the nuisance of such boilers, 
had been by adapting to them two safety-valves ; 
one und^r the control of the engine«man, the 
other secured in a strong cast-iron case, locked 
down, and loaded with such a weight, as would 
suffer the steam to escape when it had arrived at 
an improper degree of expansive force ; safety- 
valves not having at all times answered the pur- 
pose intended. Had, likewise, in every instance, 
attached to the boiler a mercurial column, the 
bore of which was proportioned to the size of the 
boiler ; and considered an iron tube, of an inch 
diameter, sufficient to guard against accident, 
when applied to a boiler four feet in diameter 
and twenty feet in height; because the limit 
given by such a columti came far within the 
limit of absolute safety. The external limb of 
the mercurial gauge had, in all cases, been pro- 
portioned to the strength of the boiler applied, 
taking care that the expansive force of the steam 
would displace the mercury long before any dan- 
gerous expansive force would arise. In order to 
guard against the boiler being injured by the 
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nction of the fire, from a deficient quantity of 
water in the boiler, had inserted a leaden rivet in 
such a situation, that it would melt as soon as it 
was uncovered by the water, and produce an 
opening, which would suffer the escape of the 
steam. — Considered cast-iron boilers safe, pro- 
vided their various parts were made of small dia- 
meters in proportion to their capacity ; such, for 
instance, as those constructed by Mr. Wolfe. — 
Thought that a boiler constructed on this prin- 
ciple was equally safe with those called con-P- 
densing engines, because a greater attention to 
strength is always paid in the construction of high- 
pressure boilers than in the construction of- those 
for low-pressure engines, in proportion . to the 
pressure they have to sustain. — The high-pressure 
engine, constructed by Mr. Wolfe, employed not 
only the expansive force of the steam, but also 
that power which was acquired by its condensing; 
and the effect in Cornwall had been, that engines 
on this construction had done double the quan- 
tity of work with the same quantity of fuel. — 
Should consider any measure tending to impede 
the use of high-pressure engines injurious to the 
country. 

Mr. Henry Maudslay, of Lambeth, Engineer, 

examined. 

Never considered high-pressure engines were 
applicable to boats, because the purpose of high- 
|)fessi;ire engines was to s^ve water, and water 
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could not be wanted on board a vessel ^ the dif- 
ference between the one and the other made no 
saving, either in the weight or expense, taking it 
ultimately, particularly when steam-boats were 
properly contrived. — Built the Regent steam-boat 
with a low-pressure engine. There was a dispute 
between two men, and one of them swore that he 
would blow his boiler up but he would beat the 
Regent in coming up. The man certainly did 
exert himself as much as he could, and kept his 
steam as high as he could get it, and it flew out 
of the safety-valve very frequently, and he hurt 
his boiler materially from doing so; but he did 
not beat the Regent : but, if it had been a high- 
pressure engine, he would either have beat her, 
or blown up his boiler, because he had the power 
in his own hand. Had employed two and some- 
times three safety-valves: to make it quite easy 
for the man to move them, had a sort of bell-pull 
to pull it up every hour, if he pleased, to keep it 
in action ; because, it was clear, the spindle might 
corrode and stick fast for want of use. Supposing 
it not touched once a week, it would not be a 
safety-valve any longer, because a very little fric- 
tion would add a great many pounds weight to the 
opposition the steam ought to meet with, — ^Never 
knew a low-pressure engine unsafe, but it ap- 
peared that high-pressure engines had been. — 
Conceived that the same motive which would in- 
duce the engineer to work it with an improper 
pressure, would induce him to leave it untouched. 
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that it might have an improper pressure. — Con- 
sidered that wrought irOn was extremely safe, 
compared to cast iron. 

n 
Mr. Alexander Gallaway, of Holborn, Engineer, 

called in and examined. 

Would recommend that, for steam-boats, the 
condensing engines should be used in preference 
to high-pressure engines j and, for these reasons : 
In the first place, the great advantage promised 
from a high-pressure engine was, that it could be 
worked in a situation where water could not be 
procured, and therefore it was, for such a situa* 
tion, a valuable machine ; but, in situations where 
water could be readily procured, it was not so. 
And in reference to the comparative price be- 
tween a high-pressure engine and a low-pressure 
engine, and in reference to the space that it oc- 
cupied, and in reference to the superintendence 
that it required, it was decidedly evident no 
economy was produced. Speaking of it as a mat- 
ter of safety, it would be necessary to say, that 
experience had fully proved that the maximum 
of for<:e to be obtained by a condensing engine 
was when the steam was rarefied from three to six 
pounds on the inch. The engine was then by far 
more eflScient than when the steam was rarefied be- 
yond that point. And it would appear equally clear, 
that whether it was a cast-iron boiler, or a 
wrought-iron boiler, or a copper boiler, the force 
of the engine was better performed by steam at 
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three pounds and a half than at any increased ex- 
pansive force; the boiler being subject only to 
three instead of six pounds, it must be less liable 
to explode or burst at that than at an increased 
expansive force. Would farther say, that every 
man that was called to work a condensing steam- 
engine knew, that, when his steam was at three 
pounds and a half, it performed a greater quan- 
tity of labour than at any other time; for, if it 
was increased, a^ast labour was thrown on the 
air-pump and the condenser, and the engine re- 
tarded ; therefore, a man had no iiiducement to 
increase the expansive force of the steam, know- 
ing that no useful end could be obtained by so 
doing, but giving himself additional labour, and 
consuming more fuel, and performing less work* 
All boilers on board steam-boats should have the 
fire in the interior of the boiler, because it was of 
very little importance, when upon the subject of 
safety, whether the passengers were to be endan- 
gered by an explosion, or whether the vessel was 
to be weakened in its timbers, or essential secu- 
rities, by the improper application of the fire to 
the boiler ; would therefore recommend that the 
fire should be contained in the interior of the 
boiler, and that there should be an additional 
safety-valve, which should be solely subject to the 
superintendence of the proprietor, and that the 
manager of the machine should have no possible 
access to it. — Would certainly recommend a 
wrought-metal boiler in preference to a. cast-iroa 
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boiler ; and the reason ivas clear, that the opera- 
tion of casting, however skilfully managed, was 
always an Uncertain process. — Thought that if an 
additional safety-valve was applied to a boiler, 
and that safety-valve placed beyond the power of 
being interfered with by any person but the pro- 
prietor, then the boiler would be secure from ex- 
plosion, if the safety-valve should be judiciously 
loaded ; but if that safety-valve was even placed 
beyond the reach of the operator, and at the 
same time injudiciously loaded, a calamity might 
take place, the same as if no such security ex- 
isted. — Under all the circumstances of the case, 
would most decidedly recommend a condensing 
engine; a condensing engine, with a wrought- 
iron boiler ; because, when cast iron became sub- 
ject to high expansion and contraction, the con- 
stant repetition of those effects in a very great 
degree impaired the strength of the boiler. — 
Would venture to say, that all engines in steam- 
boats should be subject to regulation and inspec- 
tion by competent persons. A steam-boat must 
have a register ; and, before such register should 
be granted, the engine should be inspected, to 
see whether it was of a character to deserve its 
being considered safe — Was quite satisfied, that, 
taking for granted that condensing and high- * 
pressure enginel; were judiciously formed, the one 
would take as much fuel as the other, there would 
be no material saving, if any ; but if two prin- 
ciples were associated together, as in the case of 
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Wolfe's engine, there would be a considerable 
saving. 

Mr. John Braithwaite, of the New Road, Fitz- 
roy Square, Engineer, called in and examined. 

With respect to high-pressure steam, would 
engage to make a boiler, or direct one to be 
made, which would defy any engineer, or other 
person, to blow up, or burst; and had lately 
erected five boilers, which he was ready to prove 
to any gentleman, and even to any engineer, that 
they could not destroy them. — Recommended to 
Mr. Martineau, for whom he erected them, that 
as there had been an accident in his neighbour- 
hood, he ought to have a boiler to bear three 
times the pressure he meant to put upon it j and 
if it did bear that pressure, and they applied two 
safety-valves, with a mercurial steam-gauge pro- 
perly weighted and adjusted (one of those safety- 
valves being at the will of the person about the 
boiler, and the other locked up) it would be im- 
possible to explode a boiler of that description. 
Saw the boiler after it was exploded at Wellclose- 
square ; and also conversed with one of the men 
that was saved, who said, that he had carried an 
additional weight to put on the safety-valve just 
before it exploded; that the mercurial gauge 
there was plugged up, so that it was useless ; be- 
sides which, instead of the safety-valve being 
weighted equal to forty-five pounds, they added a 
double weight, which increased it to ninety 
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pounds weight upon an inch, and the boiler 
was very improperly made. — ^Would recommend 
wrought-iron boilers in preference to cast on 
board of steam-boats. 

Mr. John Hall, of Dartford, Engineer, called in 

and examined. 

Had only to observe, that he made his boilers 
of cast iron, and proved them by an hydraulic 
press, made for the purpose; and had gone as 
high as two hundred and fifty pounds to an 
inch, which he considered enough. Nothing hap- 
pened ; and he meant the next time to try what 
they would bear ; and had no doubt they would 
bear from seven hundred to one thousand pounds 
to an inch ; for he believed they could be made 
stronger than wrought-iron boilers ; wrought-iron 
boilers being rivetted together, could not be so 
strong as those cast in a solid mass.^-Had a boiler 
made composed of three tubes on a large one, and 
two smaller ones below ; the lower tubes which 
were exposed most to the fire, had cracked, gene- 
rally by cooling, after the engine had done work- 
ing. Had known that in three or four instances ; 
perhaps in an hour after the engine had done 
working, the tubes below had cracked, and the 
other not— Supposed that in the event of explo- 
sion the greatest danger would be from the 
wrought-iron boiler. — Considered it quite prac- 
ticable to adjust a safety-valve to a boiler, which 
should not be accessible to the engineer, but 

H 
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which should sufficiently protect the boiler from 
mischief, and which once a,djusted, would always 
act, and might always be depended upon. 

Mr. Alexander Tilloch, of Islington, called in 

and examined. 

Was of opinion, that attending to what should 
be iattended to in every steam engine, and em- 
ploying proper engineers, a steam engine would 
be perfectly safe, whether with high-pressure or 
low-pressure steam. The boilers ought always to be 
furnished with safety-valves, one of which should 
be covered, and out of reach, with a box over it, 
but perforated, so that it might be seen when the 
steam operated on it. A mercurial-valve is also 
very good, that is, an inverted syphon, with a co- 
lumn of mercury, proportioned to the purposes 
for which it is to be employed. — ^Did not appre- 
hend much danger to arise, in case of explosion, 
from the mercury, because the tube being always 
perpendicular, the mercury, when shot out, would 
fall down in rain. Was of opinion a boiler might 
be made safe, either of wrought or cast iron ; but, 
for great strain, would prefer cast iron, contrary 
to the opinion of many people ; and the reason 
for this preference was the same for which it was 
preferred in making cannon. It was not pos- 
sible to get thick plates of wrought iron perfect 
throughout, and it was necessary to trust at last to 
rivets in joining them ; but cast-iron boilers could 
be made of any strength. Instead of having a 
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boiler that would stand sixty, it might be made to 
stand six hundred of either wrought or cast iron. 
Another reason why he would prefer cast iron 
was, that the sheet iron corroded much quicker, 
and was destroyed by oxydation, so that a boiler 
might be safe when first set up, and stand its 
proof, but very soon become unserviceable, or at 
least, comparatively so. Boilers should always 
be cylindrical, and for an obvious reason: capa* 
city should be got by length and number, rather 
than by diameter. There was no more danger to 
be apprehended from steam, as to bursting, than 
from the employment of condensed air, only that 
the water might scald : but, as to the danger of 
the fragments being scattered about, it was the 
same with air as with steam, and yet all the 
engineers constantly employ cast-iron receivers, 
condensers, or air-vessels, where pressure was 
wanted. — In case of actual explosion should think 
the greatest mischief would arise from the cast-iron 
boiler. — ^Was aware that there might be cavities in 
cast iron, but a boiler being proved to a strain 
beyond that it was to be exposed to by heat, the 
safety of the boiler was secured, for the temper 
rature never could be at that point which would 
endanger a fracture from that circumstance^ 

Mr. George Dodd, Civil Engineer, of Oxford 

Street, 

Stated, that out of five steam-boats under his 
direction, only two had suffered by partial acci- 
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dents, and these were owing to the carelessness of 
the engine workers^ His boilers were made flat 
sided, with flat and dome roofs, the largest of them 
containing at least fifteen hundred rivets, each of 
which in some measure answered the purpose of a 
safety-valve. — Was of opinion that to all boilers 
there should be two safety-valves. The one which 
would be accessible to the engine worker should 
be loaded with the minimum of the pressure that 
the chief engineer saw fit that the boiler should 
sustain ; and that the one which would be inac- 
cessible and locked up should be loaded equal to 
the ultimatum that he would, under any circum- 
stances, permit the boiler to support. — Would not 
allow the safety-valves to be loaded with more 
than half the weight which had been previously 
tried, and found the boiler was capable of sup- 
porting. — ^Was of opinion that a boiler whose 
sides and ends were flat, if properly constructed, 
and of sufficient thickness in the plates of wrought 
iron, might be safely used on board steam-boats 
having the low-pressure engine. — In the Rich- 
mond steam-boat the fire was entirely surrounded 
by the water. It was the case also in the Ma- 
jestic ; but, in the Thames, and in the new boat 
to Richmond, and the new boat to Gravesend, 
they were what was called open furnace-mouths. 
Under the furnace-mouth was placed an ash-hole 
of cast iron, bedded in clay, and upon fire-bricks. 
—Recollected the boiler of the Caledonia, Lon- 
don and Margate steam-packet, bursting at sea. 
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by the forcing out of three of the rivets over the 
fiirnace-tnouth, which extinguished the fire ;^but 
it was not productive of any injurious conse- 
quences to any of the persons on board ; and the 
Cork and Cove packet-boat in Ireland, with two 
hundred and fifty officers and soldiers on board, 
burst her boiler when lying alongside of the trans- 
port that was receiving the troops. The burst- 
ing made a fissure, or opening, of nine inches by 
eighteen inches ; but the steam which escaped did 
no injury either to the persons on board or to the 
vessel; nor does it appear, under any circum- 
stances of the bursting of a wrought-iron boiler at 
the low pressure, the steam not being more than 
ten or fifteen pounds to the inch, that the steam 
which might be suddenly let loose or disengaged 
would have power sufficient to raise the deck of 
the vessel, or to injure the parties on board.— :- 
The Richmond steam-yacht cost, in the first in- 
stance, including the engine, 1800/. The engine 
itself cost about 1000/. The Majestic cost about 
5000/. and the engine about 2000/. more. The 
Thames cost 3500/. including the engine at 
about 1200/. The new vessel built to go to Rich- 
mond, the hull and joiners' work cost 750/. ; and 
an engine of fourteen-horse power and apparatus 
cost 1 170/. The new Gravesend steam-yatch, the 
hull only has cost 750/. and the engine 1370/. ; but 
there were various other expenses before these ves- 
sels could be finished. — Had just got a new boiler 
from Messrs. Jessop- s, of Butterley, for the Thames 
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steam-yacht, which was charged 2 1 5/. — A safety- 
valve would cost about 4/. and a mercurial tube 
for the same purpose 2L — Had declined purchas- 
ing the Norwich steam-packet because it had a 
high-pressure engine.— Went with a party of Ger- 
man gentlemen from Bremen, who were anxious 
to make an immediate purchase of a steam-vessel; 
and they also declined to purchase that, or any of 
the boats upon the river Yare, solely because 
they had high-pressure steam engines on board. 

Mr. Richard Wright, of Blackfriars Road, £n- 
g^eer, called in and examined. 

The boiler of the Norwich steam-vessel was eight 
feet long, with a cylindrical boiler four feet two 
inches diameter; it was first made with an in- 
ternal angle iron at one end, and an external 
angle iron at the other end. In consequence of 
the internal angle iron having given way, a cast 
iron end was substituted, which certainly was not 
accurately performed. It was originally intended 
to sustain a pressure of forty pounds to the inch. 
—•Should think that both wrought and cast-iron 
boilers might be used with equal safety ; but that, 
in proving them, they ought to be kept under the 
pressure a considerable time, say a quarter of an 
hour, or half an hour. Sudden pressure may 
cause flaws in a boiler, which may give rise to 
accident afterwards; but, if under pressure a 
considerable time, the action of it might be 
seen. 



Steam Namgation. 103 

Mr. John Richter, of Cornwall Place, Sugar 
Refiner, called in and examined. 

Was acquainted with the circumstances attend- 
ing the explosion of the engine at the sugar house 
in Wellclose Square ; and had attended from time 
to time, during the whole period of the construc- 
tion of that boiler, for the purpose of boiling 
sugar by means of high-pressure steam ; it was 
necessary they should have a pressure of from 
six and thirty to five and forty pounds to an 
inch. — Saw the boiler when the bottom only was 
put up, and was at that time informed that they 
had cast the dome part of it, and that it was not 
sufficient, and that they were casting another. 
Some months afterwards found that other placed 
there. Saw them at work ; and was informed by 
Mr. Haigh, who was the engineer, that they were 
boiling at eighteen pounds an inch, but found the 
index of the gauge standing at five or six and 
thirty. — It was a mercurial gauge, intended as an 
index, and measuring inches. In consequence of 
complaints from Constant, the Frenchman, in 
whose house it was, that it would not do its work, 
and his fears in pressing it on to do its work, the 
maker of it became anxious to shew that it would, 
and a day was appointed for this to be done. 
Constant, at three o'clock in the morning, began 
his work, and continued boiling till about eight, 
but boiling with a great deal of difficulty, because 
be was afraid of putting the engine to the pressure 
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he required. He gave it up ; he said he would 
boil no more ; and the men in attendance, who 
belonged to the engineer, went to fetch the en- 
gineer. He and his men came down, and per- 
suaded Constant to have the fire lit again. He 
consented, after a great deal of difficulty, and 
went to another pan in an adjoining building, 
and there he was at work when the accident hap- 
pened. They were urging the steam, and actu- 
ally had put an immense weight upon the lever of 
the valve, so as to render it totally useless. This 
was ascertained by a Frenchman, who saw it, and 
who stated to the man that he was doing mischief, 
and doing wrong. He was told to hold his 
tongue, and mind his own business; that he knew 
his business, and they knew theirs : the conse- 
quence was, that immediately afterwards it blew 
up. After this accident went every day to the 
ruins, for the purpose of ascertaining what had 
been the cause of the bursting ; and saw the ex- 
cavation, until the parts of the boiler, which was 
of cast iron, were found, and then finding parts of 
this boiler in different places, the seat of the 
boiler being where it had been placed, but the 
rest scattered about in different directions. The 
bottom of it was two inches and a half thick, the 
upright sides of the bottom one inch and a half 
thick ; the lower part of the dome was seven- 
sixteenths thick, and one of the parts at which it 
must have burst, and where the boiler was comw 
pletely defective in the casting, was less than the 
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eighth of an inch thick ; it was not thicker than a 
crown-piece : the wonder is that it stood at all. — 
It was not intended to be worked above forty- 
five, and was ordered to be made to sustain the 
pressure of a hundred pounds to an inch. 'The 
whole house was blown to pieces, which arose 
from the fragments of the boiler striking the 
story posts, by which the support being taken 
away, the walls fell inwards. 

Mr. John Steel, of Dartford, Engineer, called 

in and examined. 

If it was required to make the strongest boiler 
imaginable, should consider cast iron preferable, 
because it could be got to an unlimited strength 
of resistance, while wrought iron could only be 
had of a certain tliickness.-^Was of opinion that 
the proof arising from the pressure of cold water 
was sufficient to ^ascertain the safety of a boiler, 
which should afterwards be exposed to the opera^ 
tion of fire, or of highly heated steam ; cast or 
wrought iron being at its greatest strength at 300 
degrees of heat, which had never been arrived at 
yet by steam.— Considered the mercurial gauge, 
and two safety-valves as essential in the construc- 
tion of boilers ; and was of opinion, that, by the 
adoption of those precautions, high-pressure steam 
might be used with safety, either with wrought- 
iron or cast-iron boilers. 
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Mr. William Brunton, of Birmingham, Civil 
Engineer, called in and examined. 

Had been concerned in making boilers for 
high-pressure engines, which might be so con* 
structed as to become useless before they were 
dangerous, upon the principle of having the exte- 
rior part of the boiler independent of the flue, so 
much so, that, while the flue is injured by the 
current action of the fire, the exterior part of the 
boiler remains, as to strength, unimpaired. — Con- 
ceived that a boiler thus formed, when the flue 
has been worn very thin, and then exposed to a 
greater pressure than it could sustain, the thin 
parts of the flue would act as so many safety- 
valves.— Believed it possible to construct boilers 
which would bear an expansive force of six hun-* 
dred pounds to an inch. — Usually employed two 
safety-valves ; one in an iron box under lock 
and key, and that only at the control of the pro- 
prietor, and the Other open to the engin^'^man ; 
and a mercurial gauge as an inverted syphon^ 
which, in the event of the steam being stronger 
than the mercury can sustain, the mercury will 
be driven out, and the boiler thereby relieve 
itself. — In the high-pressure boiler, the injury 
which would arise from its bursting, would be 
done principally by the fragments projected ; in 
the low-pressure boiler, the mischief might arise 
chiefly from the hot water and steam. Could 
n>ention two instances in illustration of this ; the 
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first of a low-pressure boiler having given way in 
the bottom, w^en a stream of hot water was pro- 
jected against the engine-man, causing his death ; 
the second instance was of a high-pressure boiler, 
in which a hole was suddenly opened, the water 
projected itself, and completely wetted a boy, 
standing within a yard of the orifice, who was not 
at all injured thereby. Should say the fragments 
from the cast-iron boiler would be equally de- 
structive either with a high or with a low pres* 
sure. Considered that the fragments from a 
wrought-iron boiler would be projected with 
equal force with one of cast iron under equal cir- 
cumstances. — Knew a wrought-iron boiler which 
burst with high-pressure steam ; and a fragment, 
the largest piece, was carried to the distance ci 
one hundred and fif);y yards. — Was induced to 
prefer wrought to cast-iron boilers from the exa- 
mination of several cast-iron boilers, which were 
cracked or broken in the lower part of them, 
which appeared to arise from the unequal tem- 
perature and expansion in the exterior part of the 
boiler, which was caused by a quantity of water 
at all times under the flue, and consequently of 
lower temperature than the water above the flue ; 
thereby causing the upper part of the boiler to 
expand in a greater ratio than the under part (^ 
the boiler. — For steam navigation, would recom- 
mend a wrought-iron boiler, if properly con- 
structed, and, at least, two safety-valves; the one 
to be placed under the lock and key of the pro- 
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prietor of the vessel, so secured as not to be ac- 
sessible to the engine-man ; and one over which 
the engine-man had the usual control. — Would 
recommend the valves to be nearly flat, or quite 
so, as they would be less liable to be fastened by 
the difference of temperature to which the valve 
and the seat might occasionally be subjected. 

Mr. George Dodd again called in and examined. 

Had been on board and was well acquainted 
with twenty steam-boats; knows that there are 
more than forty in Great Britain ; many of which 
had cost ^,000/. others 6,000/. and one on the 
Thames above 10,000/. ; considered a fair average 
to be 3,500/. each, making the vested capital 
140,000/. Most of them were fitted up with pe- 
culiar elegance and accommodation, the furniture 
and decorations alone forming an expensive item ; 
they- were also very expensive to maintain, espe* 
cially on the Thames, by reason of the great cost 
of coal. They were most numerous on the 
Clyde, where they had been productive of essen- 
tial benefit to the general commerce and traffic 
of Glasgow, Port Glasgow, Greenock, and the 
neighbouring country, — All of them had low- 
pressure condensing engines, and wrought sheet- 
iron rivetted boilers, except the remaining steam- 
boats between Yarmouth and Norwich, and one 
in Holland, built at Yarmouth; and they were 
high-pressure engines. 
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Mr. JosiAs Jessop, of the Adelphi, Civil En- 
gineer, called in and examined. 

Had no doubt but what the low-pressure boUer 
was more secure than the high-pressure, yet, 
from the natural wear and tear, both were liable to 
accidents. If an accident happened to one of a 
high-pressure, its consequences certainly would 
be more dangerous than that of a low-pressure 
engine.-*-Thought that to ensure safety, the boiler 
should be able to withstand the proof of two or 
three times the pressure to which it was after- 
wards likely to be put, or rather the pressure to 
which it should be limited ; if, for instance, it was 
meant to work it at fifty pounds* pressure, and it 
stood the proof of one hundred and fifty pounds, 
the presumption would be that it was secure; 
but, in the course of two or three years, any 
boiler would wear out. — Would recommend an 
additional safety-valve, to which the person 
working the engine should not have access. — 
Preferred malleable iron or copper for boilers, 
because it would not burst by an explosion as 
brittle metal would; it would probably rend at 
the joints. — Was of opinion that the boiler should 
be. adapted to the shape of the boat; and that 
being taken for granted, the safety would depend 
upon the strength of the metal, and not upon the 
form. It should be made of such strength, that 
any indenture would not affect it. Although the 
form approaching to cylindrical was of course 
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stronger than any other form, that which ap- 
proached nearest to a sphere was the strongest, 
but a cylinder with hemispherical ends was best. 

Mr. Alexander Nimmo, of Dublin, Civil En- 
gineer, called in and examined. 

Was of opinion that the best form for the safety- 
valve was that of an hemispherical cup, with its 
convex surface downwards, resting upon a collar, 
and to the bottom of the cup a weight was to be 
hung, which had previously been adjusted; by 
this means, the valve was always steam-tight in 
every position, yet without danger of adhering, 
and must be lifted by the steam when it exceeded 
a given pressure; but the valve might also be 
lifted by a chain attached to its upper side, which 
was inclosed within the iron case, and might be 
drawn up by the engine-man, or any person on 
board, and which did not allow him to keep it 
down, or to confine it. Had also found it neces^ 
sary to prevent the accumulation of water upon 
the top of this valve, arising from the condensed 
steam, when escaping ; this was done by a small 
waste-pipe descending from the bottom of the 
pipe which conveyed away the waste steam. Had 
thought it advisable to make the steam-valves 
large, that the weight which was laid on, being of 
itself large, might easily admit of addition. Em- 
ployed two boilers communicating, and two safety, 
valves ; and a mercurial gauge, provided with 
receivers, so as to prevent the loss of the mercury 
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in case of any sudden coliapsation or disengage- 
ment of steam, also a tube of glass attached to the 
boiler, which exhibited the level of the water in 
the boiler, and precluded any idea of danger in 
the minds of the passengers.— Was. of opinion that 
the construction of the cast-iron boiler admitted 
of its being made of wrought iron with equal 
strength ; then the explosion of the cast iron one 
would be more dangerous, as it would fly in 
pieces, whereas the other would probably tear. 
It was scarcely possible to form cast iron every- 
where equally strong, and if a part be weaker 
than the rest, either on purpose or by accident, 
that would not have the safety that would be ob- 
tained by a wrought-iron boiler ; for instance, in 
cast-iron boilers, it was common to have holes, 
and if these were filled with some metal of dif- 
ferent melting temperature from cast iron, more 
fusible for instance than that, the juncture would 
part first, and it might be made to tear as a 
wrought-iron boiler would do; and again, the 
wrought iron was so much more liable to oxyda- 
tion than cast iron, that although found very effi- 
cient at first, its strength and tenacity might be 
very speedily altered ; for these reasons, cast-iron 
boilers had been preferred where high-pressure 
engines were used ; and, in small tubes, the tena- 
city of cast iron could be made greatly to exceed 
that which could be given to wrought iron in the 
same form. 
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Mr. Arthur Woolf, of Pool, in Cornwall, Civil 
Engineer, called in and examined. 

Approved of the cast-iron boilers in preference 
to any mixture of metals, particularly those com- 
posed of a number of tubes ; it being always ne- 
cessary in boilers to have a certain quantity of 
surface exposed to the action of the fire, to con- 
tain heat and steam ; and if that were done in 
one vessel, of course it must be of considerable 
size greater in diameter than if composed of a 
number of tubes ; and the risk of explosion is in 
proportion to its quantity of surface.— Considered 
his patent boilers calculated for every purpose; 
they were generally adapted to high-pressure 
steam ; his patent was taken out for a safe boiler 
for a high-pressure engine; indeed, in his own 
engines, he did not work the steam to that height 
as was done in what were called the high-pressure 
engines, as the novelty of his engine was that it 
worked the steam twice over. — Made his boilers 
to stand from fourteen to twenty times the pres- 
sure he ever made use of, and employed two 
safety-valves, — Did not think that the wrought- 
iron boiler would separate into so many pieces as 
the cast-iron boiler, but had no hesitation in say- 
ing, that cast-iron boilers were safer than wrought- 
iron boilers. — Could make a cast-iron boiler 
stronger and more to be depended on for great 
pressure than wrought-iron ; but where great pres- 
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sure was not wanted, wrought>-if on could be made 
suflSciently strong to depend on ; and was of opi- 
nion, that as great a number of accidents bad 
happened from the bursting of wrought-iron boil- 
ers as from cast ones. 

Mr. Andrew Vivian, Miner and Engineer, of 
Cambourne, in Cornwall, called in and 

examined. 

Considered that the danger attendant on work- 
ing steam engines arose from making the steam* 
vessel of insuflScient strength for the steam j every 
engineer ought to be well acquainted with the 
power of the steam, and make the steam-vessels 
in proportion to the strength of the steam re- 
quired.— Recommended the use of not less than 
two safety-valves on every boiler where a high 
pressure of steam was required, and that the 
boilers be made of sufficient strength, and proved 
before used. — To prove the boiler, it was first 
necessary to fill it with water, loading the safety* 
valves with ten or twelve times the weight re- 
quired for the engine, and then by injecting 
water into them, so as to lift those valves with ten 
times the weight required. — Conceived that a 
boiler so proved, and furnished with safety-valves, 
properly adjusted to its contents, perfectly safe in 
working with steam, whether high or low pres- 
sure.— Was accustomed to load the engines in the 
mines under his direction, to about forty pounds 
an inch; and the valves were then loaded to 
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about forty-five pounds. — Thinks it very possible 
to lock up one of the valves, which may be so 
constructed as not to be liable to accidents from 
explosion. — Did not see any reason why, in any 
situation whatever, the use of an engine should be 
limited to the low pressure, or that which is 
usually called the condensing engine. — Con- 
ceived that cast iron could be made much stronger 
than wrought iron, with less difficulty ; some of 
the cast-iron boilers being made two inches thick ; 
and to make a wrought-iron boiler equally strong 
as that, would be very difficult to be accomplished 
by workmen. — Had known of no accident with 
high-pressure steam and cast-iron boilers; but 
had known an accident happen working with 
Boulton and Watt's low-pressure engine, which 
was on the 28th of November, 1811, in Wheal 
Abraham mine; a wrought-iron boiler, working 
with low-pressure steam, exploded there, and 
scalded six men, three of whom died of the bums 
they received in the course of a week afterwards. 
—Did not recollect any instance in which a 
wrought-iron boiler exploded, so as that any per- 
sons were killed by the fragments.-^Did not con- 
ceive that water could issue to any great distance 
from a high-pressure boiler, as it must soon be 
steam. — Had never known any persons scalded 
by the steam or the water issuing from a high- 
pressure boiler ; but remembered many instances 
of persons being scalded from the same cause by 
a low-pressure engine, only one of which came 
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directly under his own eye.— Was quite of opi- 
nion, that boilers made of wrought iron for high* 
pressui-e engines would soon become leaky, and 
that too without exploding. Knew an instance 
of a boiler of that description made, which be- 
came leaky and unfit for use in a very short time ; 
the consequence of which was, the working of the 
mine was stopped, and a great number of people 
thrown out of employ. — Supposing the only ob- 
ject to be safety to the lives or limbs of the per- 
sons who should be surrounding the engine, 
would, in that case, prefer having the boiler of a 
high-pressure engine, of cast iron, because it could 
certainly be made stronger than wrought iron for 
the same expense ; while he considered the risk 
was so small as that it scarcely need be tnken into 
the question, because all explosions might be 
easily prevented by proving the boiler every time 
it was cleansed, which he thought should be 
at least every month. — Had found the use of a 
high-pressure engine of great advantage to the 
Cornish mines, which could be proved by the 
monthly reports. — Conceived that every engine 
ought to have two safety-valves, and one should 
be locked up to prevent careless engine-men 
doing mischief, which low-pressure engines are as 
liable to as high. — Was of opinion that a high- 
pressure engine did greater duty with the same 
coals than a low, which could also be proved by the 
monthly reports. — Being desired to attend the 
Hon. Committee on the part of the proprietors of 

I 2 



1 1 6 Steam Navigaiiinu 

three of the largest mines in Cornwall, the united 
mines of Crowan, Dolcoath, and Weal Unity, 
they wished to state their hope, that the Legis- 
lature would not interfere to prevent the use of 
high-pressure Engines, either on board boats, or 
in any other way* 

Mr. Thomas Lean, Inspector of Steam engines, of 
Crowan, in Cornwall, called in and examined. 

Was employed by nearly the whole of the 
miners in Cornwall to inspect their engines, and 
make monthly reports of the work they performed. 
—Conceived there was no danger whatever in the 
use of high-pressure steam engines ; and for this 
reason, that, in general, for an engine intended to 
be worked with high steam, the materials were 
made stronger in proportion than the materials 
used for steam of low-pressure. — Considered it of 
importance that every boiler should have two 
safety-valves, one of which should be confined 
from the engine-man.— In a boiler in which great 
strength was required, would certainly recotn^ 
me^nd cast iron, and had no doubt but it could be 
made much stronger than wrought iron, the ex- 
plosions that had happened in Cornwall having all 
been in wrought-iron boilers, and from low-pres» 
sure steam. — In every boiler that was built, there 
was one part of it weaker than another, and it was 
hardly possible for a boiler to be thrown about in 
fragments to do mischief. Should not feel any 
hesitation to sit on the cast-iron boilers in Corn- 
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wall when an explosion took place, being con- 
vinced the explosion would take place at the un- 
der part.— Was in the habit of working the high- 
pressure bailer at forty pounds to an inch, while 
they were proved to three hundred, and that too 
without injuring the boiler.*- Apprehended, that 
with a boiler so constructed, so proved, and 
guarded by two safety-valves, there would be no 
danger whatever in any situation ; and was also of 
opinion, that the high-pressure engines in Corn- 
wall had saved at least two-fifths of the whole 
consumption of coals in the county j in some in- 
stances it had saved three-fifths. 

Mr. George Dodd again called jn and examined. 

Witness wished to offer to the Committee a 
second safety-valve, which admitted of being 
locked up so as to be inaccessible to the engineer. 
This was furnished with a flat bottom, resting 
upon a flat circular ring \ the steam escaping from 
the sides of the box through apertures, so con- 
structed as that nothing could be introduced to 
impede its action. 

William Lester, Esq. of Lambeth, called in and 

examined. 

Witness attended for the purpose of delivering 
in the drawing of a valve so constructed, as to 
prevent the possibility of any person having ac- 
cess to it to prevent its action ; it was self-acting 
entirely from the gravity of a column of water 
acting upon the valve, which prevented its being 



118 Steam Xavigatkm. 

locked by any mode, and it could not adhere be- 
cause it was not a cone acting in another cone, 
but a flat surface pressing upon the top of a cy- 
linder; and being enclosed in a box, and the 
steam getting out at the bottom, no matter could 
get upon the valve to cause its adhesion. 



REPORT. 

The Select Committee appointed to consider of the 
means of preventing the mischief of Explosion fix>m 
happening on board Steam-Boats^ to the danger or 
destruction of his Majesty's Subjects on board such 
Boats ; and who were empowered to report their obser- 
vations and opinion thereupon to the House ; together 
with the Minutes of the Evidence taken before them; 
have^ pursuant to the Order of the House^ considered 
the matters to them referred^ and agreed to the fol- 
lowing Report : — 

Your Committee entered on the task assigned 
them, with a strong feeling of the inexpediency 
of legislative interference with the management 
of private concerns or property, farther than the 
public safety should demand, and more especially 
with the exertions of that mechanical skill and 
ingenuity, in which the artists of this country are 
so pre-eminent, by which the labour of man has 
been greatly abridged, the manufactures of the 
country carried to an unrivalled perfection, and 
its commerce extended over the whole world* 
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Among these, it is impossible for a moment to 
overlook the introduction of steam as a most 
powerful agent, of almost universal application, 
and of such utility, that but for its assistance, a 
very large portion of the workmen employed in 
an extensive mineral district of this kingdom, 
would be deprived of their subsistence. 

A reference to the evidence taken before your 
Committee, will also shew with what advantage 
this power has lately been applied, in Great Bri- 
tain, to propel vessels both of burden and pas- 
sage; how mucfai more extensively it has been 
used in America, and of what farther application 
it is certainly capable, if it may not be said to be 
even now anticipated in prospect. 

Such considerations have rendered your Com- 
mittee still more averse than when they entered 
on the inquiry, to propose to the House the 
adoption of any legislative measure, by which the 
science and ingenuity of our artists might even 
appear io be fettered or discouraged. 

But they apprehend that a consideration of 
what is due to public safety, has on several occa- 
sions established the principle, that where that* 
safety may be endangered by ignorance, avarice, 
or inattention, against which individuals are un-* 
able, either from the want of knowledge, or of 
the power to protect themselves, it becomes the 
duty of Parliament to interpose. 

In illustratign of this principle, many instances 
might be giveoj the enactments, respecting party^ 
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walls in building, the qualification of phj^icians, 
pilots, kc the regulations respecting stage- 
coaches, &c. seem all to be grounded upon it. 
And your Committee are of opinion, that its ope- 
ration may, with at least equal propriety, be ex- 
tended to the present case, on account of the 
disastrous consequences likely to ensue from the 
explosion of the boiler of a steam engine in a 
passage-vessel, and that the causes by which such 
accidents have generally been produced, have 
neither been discoverable by the skill, nor con- 
trollable by the power of the passengers, even 
where they have been open to observation. 

Your Committee find it to be the universal opi- 
nion of all persons conversant in nuch subjects, 
that steam-engines of some ccmstruction may be 
applied with perfi^ct security, even to passage- 
vessels; and they generally agree^ though with 
some exceptions, that those called high^pressure 
engines, may be safely used with the precaution 
of well-constructed boilers, and properly adapted 
safety-valves J and further, a great majority of 
opinions lean to boilers of wrought iron or metal, 
in preference to cast iron. 

Your Committee, therefore^ in consequence^ 
have come to the following , resolutions^ which 
they propose to the consideration of the House : 

1. Resolved^ That it appears to this Committee, 
from the evidence of several experienced engi- 
neers, examined before them, that the explosion 
in the steam-packet at Norwich, was caused^ not 
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onlyby tibe improper construction and materials 
of the boiler, but the safety-valve connected with 
it having been overloaded \ by which the expan- 
sive force of the steam was raised to a degree of 
pressure* beyond that which the boiler was cal- 
culated to sustain. 

2. Resolved^ That it appears to this Committee, 
that in the instances of similar, explosions, in 
steam-packetsi manufactories, and • other works 
where steam-engines were employed^ these acci- 
dents were attributable to > one or other of the 
causes above alluded to. 

.3. Resolved^ That it is the opinion c^this Com- 
mittee, that, for the prevention of such accidents 
in future, the means are simple and easy^ and not 
likely to be attended with any inconveniences to 
the proprietors of steam-packets, nor with any 
such additional expense s» can either be injurious 
to the owners, or tend to prevent the increase of 
such establishments. The means which your 
Committee would' recommend, are comprised in 
the following regulations : 

That all steam-packets carrying passengers for 
hire, should be registered at the iport nearest to 
the place from or to which they proceed :-— That 
all boilers belonging to the engines by which such 
vessels shall be worked, should be composed of 
wrought iron or copper : — That every boiler on 
board such steam-packet should, previous to the 
packet being used for the conveyance of pas- 
sengers, be submitted to the inspection of a skil- 



122 Steam Navigation. 

ful engineer, or 'other person conversant with the 
subject, who should ascertain, by trial, the 
strength of such boiler, and should certify his 
opinion of its sufficient strength, and of the secu- 
rity with which it might be employed to the 
extent proposed : — That every such boiler should 
be provided with two sufficient safety-valves, one 
of which should be inaccessible to the engine- 
man, and the other accessible both* to him and to 
the persons on board the packet : — ^That the in- 
spector shall examine such safety-valves, and 
shall certify what is the pressure at which such 
safety-valves shall open, which pressure shall not 
exceed one-third of that by which the boiler has 
been proved, nor one-sixth of that which by cal- 
culation it shall be reckoned able to sustain: — 
That a penalty shall be inflicted on any person 
placing additional weight on either of the safety- 
valvesl 

4. Resolved, That the Chairman be directed to 
move the House, that leave be given to bring in 
a Bill for enforcing such regulations as may be 
necessary for the better management of steam- 
packets, and for the security of his Majesty's sub* 
jects who may be passengers therein. 



CHAPTER V. 

Cylinder and Piston-^ Condenser-^ Air-Pump'-^ 
Barometer and Steam^Gauge — Working Beam-^ 
Parallel Motion — Counter — Sun and Planet 
Wheelr^Fly and other Modes of regtdating Ve^ 
hcity — Boiler^^Sqfety- Vahes — Furnace. 

Having taken a brief review of the early history 
and general principle of this stupendous machine, 
it may be advisable before we proceed to a de- 
scription of the principal engines now employed, 
to examine more minutely the separate parts and 
the progressive improvements effected in each. 

The cylinder and piston being those parts of 
the engine in which the effective force is more 
immediately produced, may first claim attention. 

The piston of the iatmospheric engine is gene- 
rally made of cast iron nearly fitting the inside of 
the cylinder, a circular ledge or rim being formed 
round it to receive the packing, without which 
the steam would find a passage through the inter- 
stices in the cylinder. Mr. Smeaton, who greatly 
improved the atmospheric engine, coated the 
under side of the piston with elm or beech 
planks about two inches and a quarter thick ; the 
wooden bottom being screwed to the iron with a 
double thickness of flannel and tar, to exclude the 
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air between the iron and the wood. By the 
adoption of this improvement its property of con- 
ducting heat was reduced, and the wood having 
been previously jointed with the grain radiating 
in all directions from the centre, was not liable to 
expand by the heated steam. This piston was 
kept air-tight by a small stream of water conti- 
nually falling on its upper surface; but in Mr. 
Watt's engine he was compelled ta effect this by 
improving the fitting of the piston» the old mode 
being inadmissible. It is now cast with a pro- 
jecting rim at bottom, which is fitted as accu- 
rately to the cylinder as it can be, to leave it at 
full liberty to rise and fall through the whok 
length. The part of the piaton above >the rim is 
about two inches less all round than the cylinder, 
to leave a circular groove for the hemp^ whidi 
forms the packing. To keep this in its place, a 
lid or cover is put over the top of the piston, with 
a ring or projecting part, which eaters into the 
circulai: groove . for. the packings and pressing 
upon it the plate is forced down by screws, which 
work into the body of the piston. By tbis^^ means 
the packing is made to fill the diameter, of the 
cylinder with tolerable accuracy, and to prevent 
for a time any steam passing between the piston 
and the cylinder* Wben, however, by continued 
working the piston became too easy^ and so occa- 
sioned a waste of steam, it was found necessary 
to take off the top of the cylinder to get at the 
screws^ even when fresh hemp or pacing was not 
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wanted, and this operation being attended with 
considerable labour, was seldom resorted to by 
the engine-man till a great waste of steam had 
taken place. By an improvement on this piston 
introduced by Mr: Woolf, this: is now effected 
without taking off the cylinder cover, except, 
indeed, when new packing is required. 

To accomplish this, Mr. Woolf fastens on the 
head of each of the screws a small cog-wheel or 
nut, and these are all connected together by 
means of a central wheel working loose upon the 
piston-rod in such a manner, that if any one of 
the screws be turned a similar motion is given to 
the remainder, a cap being provided in the upper 
end of the cylinder screwed down by bolts to 
make it steam tight. In a piston thus con- 
structed, there is little diflSculty in drawing down 
the packing, by applying a key to the square head 
of the prelecting screw employed to communicate 
with the rest; Another method ^ contrived by 
Mr. Woolf for the smaller pistons differs but little 
from the preceding in construction. Instead of 
having several screws all worked down by one 
motion, there is in this but one screw, and that 
one cut upon the piston-rod itself; on this is 
placed a wheel, the centre of which is frirnished 
with a female screw, which is forced down by 
means of a pinion furnished with a square pro- 
jecting head turned in a similar manner to the 
preceding. 

For high-pressuM engines, however, the metallic 
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piston invented by Mr. Cartwright has the most de- 
cided preference. This not only saves the trouble 
and expense of packing, which must be frequently 
renewed in all other engines, but also a great deal 
of steam, on account of the more accurate man- 
ner in which it is made to fit the cylinder ; this is 
effected in the following manner: Two metal 
rings are accurately ground into the cylinder, so 
that no steam can pass betweeu their exterior sur- 
face and the inside of the cylinder, their upper 
and under sides are also ground perfectly flat, and 
applied one upon the other. On the upper ring 
is placed a plate of metal, rather smaller in diame- 
ter than the cylinder, while a similar flat plate is 
placed below the under ring, both of which, with 
the rings between, are attached firmly to each 
other by means of the piston-rod passing through 
them. 

A shell being thus formed, the rings are each of 
them cut into three pieces, and in cutting them, 
such a portion of the metal is taken away as to 
leave room to introduce between two of the pieces, 
a spring in form of the letter V, the open end of 
which is placed outwards, almost close to the cir- 
cumference ; by which means the two pieces 
against which the two sides of the spring act, are 
pressed in the direction of the circumference 
against the ends of the third piece, so that the 
three pieces are thus kept so uniformly in contact 
with the cylinder, that the longer the machine is 
worked, the better the rings mustfit. To prevent 
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steam passing through the cuts in the lower rings, 
the solid parts in those upon the upper side, are 
made to fall upon the divisions and springs of the 
under ones, thus interrupting the communication 
that would otherwise remain open, and forming a 
perfect break-joint. The interior surface of the 
cylinder in which the piston works, requires to be 
bored with the greatest exactness, though this was 
but little attended to in the early atmospheric en- 
gines, some of them being composed of timber 
hooped together in the same manner as barrels are 
constructed. Mr. Watt, in his first attempts at 
improving the steam engine, employed this mate- 
rial in the construction of his cylinders, though he 
afterwards abandoned it for those of bored metal ; 
the operation of boring being performed with the 
greatest precision, by an apparatus invented by 
Mr. Wilkinson^. 

Mr. Murray has also effected considerable im- 
provements in this part of the engine, and the 
boring machines employed in his manufactory are 
of considerable value. They are worked by a 
separate steam engine, which is never stopped 
during the operation, as in that case a shoulder or 
ring would be formed, running completely round 
the cylinder. 

In small engines, it is common to place the cy- 
linder within the boiler, in which case no artificial 



* For a description of Mr. Wilkinson's patent cylinder appa- 
ratus, see Appendix, A. 
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mode of retaining the heat is required; but to 
this arrangement in those of larger dimensions 
there are several objections, not the least of which 
is the frequent repairs that are necessary in the 
boiler ; and a similar e&ct has been produced by 
the use of a double cylinder. This was first 
adopted by Messrs. Boulton and Watt, the outer 
cylinder or steam-jacket keeping the inner cy- 
linder at the temperature of boiling water^ by the 
action of a partition of steam made to pass be* 
tween the jacket and the working cylinder. 

We have already stated, that Mr. Watt's great 
improvement consisted in condensing the steam 
in a separate vessel where <a vacuum was formed 
by the continued application of cold water. A 
metal box constructed for this purpose, and fur- 
nished with a pump for drawing off the water and 
air, is called a condenser. It is necessary that the 
parts appropriated to this purpose should be kept 
as cold as possible; and upon this account the 
air-pump and condenser are placed in a cistern of 
cold water, which is kept fiill by the continued 
action of a pump, also worked by the engine^ and 
called the cold water pump, a little being allowed 
to pass off continually to preserve the water at an 
equable temperature. 

The air-pump and condenser are usually of the 
same size ; if of one-eighth, the capacity of the 
working cylinder, it will be found sujQScient to 
keep the condenser empty in Mr. Watt's single 
engine. The best proportion for a double action 
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engine is about two-thirds the diameter of the 
cyKnder and half the length of stroke, the con- 
denser, as in the single engine, being of similar 
capacity. 

In Mr. Maudslay's portable engine the con- 
denser is an hollow cylinder, and the air-pump is 
placed within it, so that there is no necessity for 
a pipe of communication from the air-pump to 
the condenser ; and in this case a small cistern is 
fixed over the pump to contain the hot water, the 
discharge-valves being placed in the lid, which 
thus fbrms the bottom of the cistern or hot well. 

In the early engines, on Messrs. Boulton and 
Watt's construction, the air-pump and condensing- 
cistern were placed at the outer end of the beam ; 
in which case the pump-bucket being drawn up 
by the descent of the piston, the engine required 
less counter-weight than in the present form, in 
which the air-pump must be wholly worked by 
the counter-weight. It was necessary also, that 
the parts appropriated to the condensation of 
steam should be kept as cold as possible ; on which 
account, the air-pump and condenser were placed 
in a cistern of cold water, which being conti- 
nually on the overflow, carried off the excess of 
heat. 

The mode of condensing by outward cold, wa$ 
not however found sufficient; "and Mr. Watt 
afterwards introduced a small jet of water, the 
dimensionsrof the air-pump being so far increased, 

K 
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as ta extract tlie injection-water as well as the 
air. 

. To shew the degree of vacuum in the con- 
denser, and consequently the amount of pressure 
on the piston, a barometer-gauge has been em- 
ployed. This is justly considered as a most im- 
portant instrument, though unfortunately for the 
profit of steam engine proprietors but little at- 
tended to. This gauge is in fact a common baro- 
meter tube, of thirty inches in length, with a 
graduated scale, and connected with the con- 
denser by a small tube furnished with a stop-cock. 
When the air is expelled from the cylinder this 
must be closed, otherwise the steam entering the 
tube would blow the mercury from the cup. On 
the cock being turned, and the communication 
opened with the condenser, the exact degree of 
vacuum will be shewn by the height of the mer- 
curial column, which, if the condensation be not 
complete, or air be admitted, will descend, and 
on the contrary, if perfect, it will ascend, as in 
the Torricellian tube. 

The steam-gauge employed by Mr. Watt, con- 
sists of an inverted syphon or bent tube of glass 
or iron, one leg of which is jointed to the steam- 
pipe, while the other is open to the atmosphere. 
A quantity of mercury being poured into the 
tube, it will occupy the lower or bent part, and 
the surface of the fluid metal in one leg being ex- 
posed to the pressure of the steam, while the ex- 
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ternal air acts upon the other, it is evident that 
the difference of level of the two surfaces will ex- 
press the pressure of the steam in the height of 
the mercurial column passing up the graduated 
tube. 

This gauge is just the reverse of the preceding ; 
the barometer shewing the pressure of the atmos- 
phere on a given space of the piston, while the 
steam-guage indicates the force of elastic vapour 
entering from the boiler. It is the duty of the 
fire-man frequently to look at this gauge, that he 
may know when to increase the fire in the fur- 
nace, and thus a sufficient supply of steam will 
always be secured to the engine. 

In the early atmospheric engines, the working- 
beam was composed of a large and almost un- 
hewn tree ; but Mr. Smeaton employed a framing 
of wood for this purpose, which was afterwards 
much simplified and improved by Mr. Horn- 
blower. 

In double-acting engines it is usual to have the 
beam cast in one piece, the extremities being 
turned in a lathe to form cylindrical pins, upon 
which are fitted sockets or pieces, having other 
pins projecting from them to form the points of 
the parallel- motion and connecting-rod. Thus, 
there is one pin on each side of the socket, the two 
links of the parallel-motion being fitted to the two 
projecting pins at one end, while the double joint 
of the connecting-rod is fitted on the two pins at 
the other end of the beam. The advantage of 

K 2 
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this construction is, that the joints at the ends of 
the beam become' universal joints, having liberty 
of motion in all directions ; and in some of Mr. 
Murray's best engines, the same contrivance is 
applied to the crank-pin and connecting-rod. 

The two great links of the parallel-motion, are 
each composed of a strap or loop of iron, bent so 
as to form a double link, in the upper bend of 
which are two sockets for the pivots at the end of 
the beam, and at the lower end are two others, 
for the pivots which project on each side of the 
piston-rod socket. The brasses of this joint are 
held in by wedges, put through the two links at 
the lower end, which, on being driven inwards, 
tighten the fittings at pleasure. 

To ascertain the number of strokes made by 
the engine in a given time, a simple apparatus 
was contrived by Mr. Watt, called a counter. 
This is in some cases attached to the beam, each 
stroke moving one tooth, and the index hand 
shews how many strokes have been made in a 
given time ; and by comparing this register with 
the diameter of the piston and the barometer- 
gauge, the exact power of the engine is accu- 
rately shewn. 

The fly-wheel has justly been considered one 
of the most important and valuable parts of the 
steam-engine : when combined with the crank, it 
is employed to convert a reciprocating into a 
rotatory motion. If of moderate size, it should 
be cast in one piece of metal; this, however. 
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cannot often be accomplished from its great 
weight, the fly-wheel of a large engine frequently 
exceeding ten tons. When of this size, the ring 
is usually cast in six pieces, of about a ton each, 
and connected by wrought-iron bolts; but a 
method has lately been introduced in large en* 
gines, of substituting the dove-tail for that mode 
of connecting the parts. In this case the arms 
are fastened into the ring, and the segments of 
the ring fastened together by a system of dove- 
tails, which admit of being put together only in 
one direction, which is contrary to that in which 
the centrifugal Jforce acts. It is a great object in 
constructing fly-wheels, to choose that form which 
offers the least possible Resistance to the me* 
dium through which it revolves, and on this ac- 
count the ring should be smooth and truly cir- 
cular ; the radii being made with a thin edge to 
the air. It is also necessary that the varioMS 
pieces connected with the fly, should be cast in 
the most solid manner, as the centrifugal force of 
so large a mass frequently moving at the rate of 
more than three hundred feet per second, would, 
in the event of any part flying off, be productive 
of the most fatal consequences. 

Messrs. Murray and Wood form the radiating 
arms or cross bars of an elliptic figure, the nar- 
rowest edge meeting the air; and to these eminent 
engineers we are indebted for the following rule 
for proportioning the fly-wheel of the steam en- 
gine. Multiply the number of horse power of the 
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engine by 9000, and divide it by the square oi 
the intended velocity of the circumference of the 
fly-wheel in hundred-weights^ Of this rule Mr. 
Buchanan furnishes an -example: to find the 
weight of a fly-wheel proper for an engine of 
twenty horses' power, supposing the fly-wheel to 
be 18 feet in diameter, and to make 22 revo- 
lutions per second : wheel 1 8 feet diameter = 56 
feet circumference ; x 22 revolutions per minute 
s= 1 232 feet motion per minute -i- 60 s= 20;- feet 
motion per second for the motion of the circum- 
ference of the fly-wheel. Then 20i feet per mi- 
nute squared, = 420^^, and twenty horses' power 
X 9000 = 40000 ^ 420^ = 90-4 cwt. of the 
wheel required. 

In addition however to this mode of regulating 
the velocity of the steam engine, a variety of 
plans have been suggested for equalizing the ad- 
mission of steam ; the most simple of which is by 
means of a handle connected with the throttle- 
valve. This is a thin circular vane placed in the 
steam pipe, turning on a pivot across its centre, 
which comes through the pipe, and has a small 
handle fixed on the end of it, by turning which, 
the passage is opened or shut. When the vane is 
set, so that its plane is perpendicular to the axis 
of the pipe, it nearly fills the circular passage, and 
allows very little steam, if any, to pass by it ; but 
when the vane is turned edgeways, it presents a 
very small surface, and leaves the passage nearly 
open; so that by thus turning the handle, the 
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attendant can at any time r^ulate the speed of 
the engine. 

The governor or double pendulum, is also em- 
ployed for this purpose. This consists of two 
baUs, suspended by joints projecting from a ver- 
tical axis, which being caused to revolve by the 
machine to which it is connected, will increase 
the diameter of the path described by the balls 
with the increasing speed of the machine ; or, in 
other words, their centrifugal force will cause 
them to fly off from the arbor in a degree pro-i^ 
portionate to the velocity of the machine; and 
this motion is made to actuate the lever con- 
nected with the valve, which admits the steam 
from the boiler to the cylinder. 

Another method, is to have the small pump 
worked by the engine, and raising up water into 
a cistern, from which it runs out again in a con- 
stant stream. By this means the water will ac- 
cumulate, and rise in the cistern, if the engine 
work rapidly, so as to pump more water into the 
cistern than will flow out of it in the same time $ 
and, on the contrary, the surface of the water will 
sink in the cistern, ^ if the engine work slowly, 
and a float being in the cistern, and connected 
with a wire to the throttle-valve, a proportionate 
effect will be produced on the engine.* 



* The patent regulator invented by Mr. Job Rider^ is de- 
scribed in Appendix^ A. 
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The only materials that have hitherto been 
employed in the construction of steam-engine 
boilers, are iron, copper, wood3 and stone. The 
latter of these was introduced by Mr. Brindley, 
who, in 1756, erected a steam engine near New- 
castle^under-Lyne with a boiler of this description. 
It was composed of brick and stone firmly ce- 
mented together, and the water was heated by 
iron flues passing in various directions. An ad- 
mirable cement for this species of boiler may be 
formed of boiled linseed oil, litharge, and red 
and white lead mixed together to a proper con- 
sistence, and then applied as a species of mortar 
to the stones. If the joints be properly filled, a 
cistern thus constructed will never leak, nor want 
any very considerable repair. 

Savery's boilers were of copper, and contained 
about five or six gallons of water ; and the Mar- 
quis of Worcester states, that he employed " a 
piece of a whole cannon" for that purpose* 

The atmo8pheric*engine^ constructed by New- 
coman, was provided with a boiler of considerable 
dimensions, composed of wrought-iron plates, the 
upper part beiDg of an hemispherical fi^rm to 
resist the elasticity of the steam ; and it is of con- 
sideraMe importance that this part of the boiler 
be accurately proportioned to the power of the 
engine. If the boiler-top be too small, it requires 
the steam to be heated to a- greater degree to in- 
crease its elastic force sufficiently to work the 
engine, and then the condensation on- entering 
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the oyliaidet viU be greater. If the top coBtaia 
eight or ten times the quantity of steam used at 
each strdce^ it will require.no more fire to pre^ 
serve its elasticity than is sufficient to keep the 
water in a proper i^te of boiling ; this, there- 
fore, may be considered as the most eligible size. 

Wooden boilers have as yet we believe been 
exclusively confined to America. They were in- 
troduced by Mr. Anderson and Chancellor Li- 
vingston. The merits of this boiler are, economy 
in construction, and a very material saving in 
fuel i the latter of which advantages will be rea^ 
dily seen from the circumstance, that wood is a 
bad conductor of heat, while metal is one of the 
best. That there is a great saving in the employ- 
ment of this species of boiler where wood is cheap 
is sufficiently evident ; that part, however, which 
is above the water, and consequently exposed to 
the action of the steam, speedily decays, and the 
elastic vapour passes through the joints. This, 
however, might be remedied, by coating the in- 
ternal sur&ce with thin metal, which might rea^ 
dily be connected with the furnace and flue, so as 
to make the whole boiler steam*tight. 

The boiler of Mesi^s. Boulton and Watt's en- 
gine is so placed as to receive the greatest pos- 
sible degree of heat, the flame passing through a 
long flue which twice encircles the lower part. 
This is kept constantly supplied with water, to 
repair the waste of evaporation by means of a 
pump communicating with the hot-well ; and as it 
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is necessary that this should, alwiys^ bei preserved 
at the same level, the feed-pipe is closed by a 
valve in the bottom of the cistern^ which prevents 
the water running down into the boileruntil its 
level subside, and shews that it requires reple^ 
nishing. To know the exact, height of the water 
in the boiler, two cocks are mostly employed ; one 
of which is carried below the requisite water-mark, 
and the other stands a little, above the desired 
point. If water should issue jQrom. both cocks^ 
the supply has not been sufficient, and^more must 
be admitted ; but if, on the contrary^ water : pro^ 
ceed from the one cock and steam, from the 
other, it may then be considered about the pro- 
per leveL . 

The patent boiler employed by. Mh Woolf, is 
different from that commonly used in engines 
which work with steam of a low. pressure, the 
water being contained in several cylindrical tubes 
of cast iron which are exposed to the heat €£'the 
furnace nearly in an horizontal position. In the 
employment of this kind of boiler care shoald be 
taken that the flame and heated idr be made to 
come completely in contact with the iron tubes of 
which it is composed, and so as to give out the 
least possible portion of heat prefvious to reaching 
the chimney. ^■ 

This mode of raising steam of great elasticity^ 
by exposing a large surface in a number of heated 
tubes, does not appear to have originated with 
Mr, Woolf, it having been proposed by Mr. 
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Blakey in a small tract which he published in 
Holland as far back as 1776. It appears, how- 
ever, that Blakey's tubes were to be placed over 
each other upon the same principle as the ole- 
fient gas-retorts, and the water passing down 
the heated pipes, was thus readily converted into 
steam. 

The high -pressure boiler, employed Mr. Tre- 
vithick, is supplied with water previously heated 
in a separate vessel, by a small force-pump worked 
by the engine. In some of the improved engines, 
however, another and more ingenious mode had 
been adopted, the water being driven in by the 
action of a volume of highly expansive steam. 

Among the provisions made for the security of 
the high-pressure boiler, we may enumerate the 
soft metal plug and double safety-valve. The 
former of these contrivances is calculated to pre- 
vent the boiler being burst by the sudden intro- 
duction of water, when it has been allowed by 
carelessness to boil dry, and become red hot; and 
by the employment of two safety-valves placed 
in different parts of the boiler, the chance of ac- 
cident is diminished at least one half, while the 
effect of the engine is in no shape impaired. 

The greater part of the boilers employed in 
American steam-navigation are of wrought iron, 
and are usually more than a quarter of an inch in 
thickness, of a cylindrical form, and about thirty 
inches in diameter, with a cast-iron end about 
two inches thick j and the testimony of expe- 
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rienced engineers both in this coontiy and Ani6> 
rica, has invariably shewn, that such a sqpecies of 
boiler, when (Ad and thin by long wear, has gene- 
rally given way by a small rent or fiasnre throu^ 
which the steam escapes, gradually takn^ €iff the 
internal pressure, and thus seeuring die pas- 
sengers adjacent firom the dreadful consequences 
which have frequently resulted from the explosion 
of cast-iron boilers similarly constructed.* 

The safety-valve being an obyect of coosideraUe 
importance, both as regards the utility of the en* 
gine, and the preservation of those connected 
with its management, much attenticm has been 
given to its construction, and to this highly useful 
appendage we would particularly call the reader's 
attention. 

The first engine that was made by Captain Sa- 
very had a steel-yard safety-valve, to let the steam 
fly off when it arrived at a dangerous d^ree of 
elasticity. The following figure will fumbh a 
sufficiently accurate idea of this simple apparatus* 
A, the top of the boiler ; B, the safety-i^ve or 
plug made to fit air tight in the tube or valve- 
seat beneath ; C, the lever working on an axia at 
D, and furnished with a moveable weight, £, 
adjusted to balance the pressure of the steam. 



* In those boilers that are constantly employed wiUi 
water, a great accumulation of salt takes place; it is therefore 
necestary for ships wiiich perform long voyages to be provided 
with two boilers, each of which should be capable of supf^ing 
the engine with th^ necessary quantity of steafia. 
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When steam of considerable elasticity is required, 
the weight is placed at the extremity of the 
lever, and as such acts with greater force on the 
safety-valve than when removed to a point nearer 
to the axis on which it revolves. So that should 
low-pressure steam be required, it will only be 
necessary to remove it nearer the axis or centre, 
and vice versa. 




The lever and balance-ball which form this ap- 
paratus, would at all times be effectual were they 
not liable to be fastened by the corrosive nature 
of the materials of which the valve is composed, 
and, what is worse, their pressure altered by the 
addition of more weight. This, however, as too 
frequent experience has shewn, is continually the 
case, the engineer having more regard for the 
full performance of his machine than for his own 
safety or life; and to the overloading of this 
valve, these accidents may be principally attri- 
buted. 

To prevent a recurrence of those accidents 
which first drew the attention of the legislature 
to this important part of the engine, and to which 
we have already referred, under the head of steam 
navigation, it appears advisable to inclose thp 
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safety-valve in an iron box» and so put it beyond 

the control of the engine-man. 

The annexed %ure represents an inaccessible 
safety-valve, calculated to answer all the purposes 
for which it is intended, namely, the preservation 
of those employed in the neighbourhood of the 
boiler> and economy in the use of steam. 



In this, as in the preceding diagram, A repre- 
sents the boiler, and B the safety-valve, furnished 
with a small upright staff, on which slide the ad- 
ditional weights CCC. The whole is inclosed in 
a box D, pierced with holes to allow the steam to 
escape after it has raised the valve B, 

Should high-pressure steam be wanted, it is 
necessary only to increase the number of weights, 
and the desired effect is produced; or if, on 
the contrary, steam of the usual atmospheric 
pressure be wanted, the whole of the weights are 
taken off. 

The safety-valve invented by the Chevalier 
Edelcrantz, has nearly the same properties as that 
employed by Mr. Woolf. It consists of a small 
brass cylinder which is fixed on the boiler, and 
fitted with a piston made to descend with its own 
weight when raised by the pressure of the steam. 
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The lower part of the cylinder being made to 
communicate with the boiler ; the upper part is 
closed by a small cover screwed on to it, and per- 
forated with a hole, through which the piston-rod 
passes freely, which serves the double purpose of 
keeping the piston perpendicular, and preventing 
it being blown out. The sides of the cylinder are 
pierced with a number of small holes, placed in 
succession at a short distance above each other, 
so that the open space for the steam to escape, in- 
creases with the height of the valve, and is ulti- 
mately enlarged so as to prevent any danger of 
explosion. The piston-rod is also furnished with 
a number of weights, fitting loosely on a small 
shoulder, similar to those employed in the com- 
mon hydrometer ; and these may be removed or 
increased at pleasure. 

Another advantage likely to result from the 
adoption of this safety-valve is, the facility with 
which it may be employed to regulate the fire of 
the steam-engine furnace to the intensity of the 
elastic vapour required. This may readily be ef- 
fected by a register pressing on the top of the 
safety-piston, and connected with the apertures 
for the admission of air, which, by increasing or 
decreasing the supply of oxygen, will have a pro- 
portionate result on the steam generated in the 
boiler, and consequently effect a considerable 
saving in the expenditure of fuel. 

Another safety-valve, opening internally, has, we 
believe, also been added by Messrs. Boulton ^nd 
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Watt. This is of great utility, more particularly 
in large engines^ as it prevents the sides of the 
boiler being crushed in by the sudden intro- 
duction of water, or any artificial condensation 
that may take place from reducing the heat of 
the boiler-head. 



CHAPTER VI. 

Savenfs Engine improved hy Pontifex. — Atmo- 
spheric Engine.'-^Single'acting Engine^ hy BouU 
ton and Watt. — Murray and Wood's Engine.^- 
Wgh-pressttre Engine*^^fFbolf's Douhle-^Un* 
der Expansion Engine. — Maudslca/*s Portable 
Engine. — MastermmCs Rotatory Engine.'^Smoke^ 
consuming Furnaces. 

The Engine invented by Savery^ and improved by 
Fontifex, possesses considerable advantages over 
the Marquis of Worcester's apparatus, and it is 
probable that the extreme simplicity of this engine 
"will, when better known, bring it into more gene- 
ral use. With this view we have selected it as 
the subject of our first plate, in preference jto the 
original engine, the principle of which has been 
already very fully explained. The apparatus we 
are about to describe, has lately been erected at 
the City Gas Works. 

^Plate I. Fig. 1. and 2. represent front and side ele- 
vations of the cylinders, and connecting apparatus. 
Fig. 3. Back view, with section through the 
cistern and buckets. 
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Fig. 4. and 5. Vertical and horizontal sections ; 
the latter commencing at the dotted line acL, fig. 1. 

Fig« 6« and 7* Side and end view^ of the 
waggon boiler. 

b.b. Fig. 1. Two steam cylinders connected hj 
cross tubes at c c, m each of whrch a vacuum is 
alternately formed by the condensation of dastic 
Tapour, conducted &om the boiler by the bent- 
tube d^ and admitted to tbe steamy linders by 
meana of die sliding-valve e. 

f^f, Ilg* 4. Two tubes perforated with small 
holes for die admission of steam and mJeetioB wai- 
ter, the latter of which is distributed by fiffing on 
the strap g. 

A. The suction-{>ipe proceeding to the bottom 
of the wefl, which in no case oo^kt t» exceed 
from twenty-e^bt to thirty feet m drpth \ k» that 
a vacnam being formed in the copper Tessels ft fr, 
tlie water will be raised \fj the pceasofe of the at?- 
mospbere, and passing up the tube &wiii take the 
friaee of die elastic rapour. 

f. t. Two valyes placed at the iqpper cad crf'the 
SBction-^pe A, which allow of the iqpper pa^ 
sage of the water from the wdl, but prerent its 
return* 

j.j. Two similar valves opening into the aiii 

vessel Xr, to which is attached the nozzle l^ serving 

to convey the water from the coppv vessels to 

any required point. 

m. The injection tube, furnished with a valve 
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at o, and intended to convey water from the box 
n, to the taper ixxhes ff. 

p. Stop-cock to regulate the supply of condens- 
ing water. 

q. Tube passing from the bottom of the cistern 
n, to the injection-tube m, and furnished with a 
stop-cock at ^; 

The quantity of water in the cistern r is regu- 
lated by a floating valve /, which in Fig. 3. is rcr 

« 

presented immediately over the pipe f , so that the 
valve is opened whenever the water rises beyond 
the required depth. 

ti» u. Two tubes communicating with the back 
part of the chambers n n^ and the inverted vessels 
V V, each tube being furnished with a valve at w 
to admit the water from the chamber to the buck- 
,ets XX. 

x.x. Two buckets suspended by rods» and a 
chain passing over the wheel 3, which is fixed 
on the end of the axis 3, and supported by a 
bracket 4. From the other end of the axis 3 
^projects an arm 6 provided with a stud T. 

9. A horizontal axis turning in a stuffing-box 
at 10, on one end of which is fixed a pinion 11, 
which jserves to give motion to the sliding- valve e. 

To put this engine in action, the steam must be 
first raised to the boiling pmnt, and the valve or 
cock opened, which admits it to pass from the 
boiler to the pipe di One of the buckets miist 
now be made to descend, which will open the 

l2 
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• > 

diding-valye c, and admit the rtesm into the 
cylinder 6, 1. The atmospheric air^ which will 
thus be expelled from the cylinder, is allowed to 
pass through the valve j and nozzle /* The^ther 
bucket must then be depressed, and by its action 
upon the sliding-valve it will open a communica- 
tion for the injection water through the pipe qq^ 
which passing down the perforated tube f will 
immediately condense the steam, and form a va^ 
cuum in the vessel. The whole pressure Qf- the 
atmosphere being now removed from the suction 
pipe A, the water will rush up to restore the equili- 
brium, and the vessel h being filled will fiimish a 
supply at the bent-tube /• 

Having examined the action of one-half of the 
apparatus, we may suppose the same effect to be 
produced on the opposite side. The steam will, 
in the first instance,'be admitted by the pipe c, and 
a communication afterwards opened by means^ 6£ 
the sliding-valve with the condensing water, whidi 
1)y reducing the steam to its original bulk will fi^rm 
a vacuum, and the water will again ascend as in 
the first vessel. 

The stop-cock y must now be opened, and the 
bucket X first described made to descend, which 
will remove the sliding-valve 15 to its original 
position, and admit the steam to the upper part of 
the first vessel, which will depress the water, and 
cause it to flow through the valve j and nozzle 4 
while at the same time the water will pass through 



I 
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the tube M M, in which the valve w is Inserted be- 
neath the inverted vessel w. The water will con- 
tinue to enter the bucket t till its increasing 
weight causes it to preponderate, and turn the 
sliding-valve e in the opposite direction. 

Should there not be a sufficient supply of water 
in the cistern r r for the purpose of condensing 
the steam in the large vessels, the stop-cock p 
must be opened, and an additional supply of water 
will then be furnished from the chambers n n by 
the tube ?«, and in the event of the bucket not be- 
ing depressed at the instant that the water is ex- 
pelled from the chamber n of the vessel b, the 
steam will pass through the tube uu, and act be- 
tween the under side of the fixed inverted vessel 
r, and the surface of the water in the moveable 
bucket iT, the descent of the bucket being accele- 
rated by the repellant force of the steam, so that 
by the alternate action of the buckets x x, the 
motion of the engine is rendered continuous. 

It appears that each steam-vessel in the engine 
employed at the City Gas Works, contains about 
thirty-six gallons of water, which is raised about 
twenty-eight feet three times every two minutes ; 
one bushel of coals, or two of coke, serving the 
boiler about two hours and three-quarters. 

The Atmospheric Steam-enginey which is next in 
the order of invention, is now butlittle employed ; 
indeed, if we except the mining ^districts where it 
is occasionally seen connected with the pumps for 
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raking witer, this qiecies of engine is of veiy 
rare ocapTence* The great merit q£ Newcomen'a 
engine conaiatedy as we have already aeea, in 
separating the parts in which the steam was to 
act^ from those in which the water was to be niaed; 
steam being employed merdy for the purpose of 
disfdacing the air, and then forming a vacuum 
by condensation. 

In this engine, steam of moderate expansive 
force is generated in the boiler a, Plate IL by the 
action of the fire in the fiimace i. 

c. The steam-pipe, through which the elastic 
vapour passes to the cylinder d. 

JL The cylinder, furnished with a plug or. piston, 
made to fit air-tight by means of a packing of hemp 
or any other elastic materiaL 

e. The piston, connected with the working-beam 
fhy means of a flexible chain atid rod. 

/• The working-beam, or lever, sujf^rted on 
the axis g. 

h. The pump-rod, by the alternate elevation 
and depression of which the water is raised to any 
required height. 

i. Injection-pipe, connected with the cold wa* 
ter cistern at Ar, and furnished with a small 1)ranch 
pipe /, to supply the upper side of the piston 
with water. 

m. Eduction-pipe, furnished with a valve at fh 
to prevent the return of the water from the hot- 
well o. 
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p. Waste^pip^y to conduct the superfluous water 
from the top of the cylinder to the hot-well. 

q. Injection and $team*cockS) alternately open-^ 
ed and shut by the plug-fhime r, so that when 
the steam-pipe c is open to the cylinder, the con- 
nection with the injection cistern is closed, and 
vicewpscu' 

s. The feedingfpipe, to supply the' boiler with 
water, furnished; Mdth' a cock, at <• 

V. The snifting-valve, by which, at every ascent 
of the piston, the air extricated from the condens- 
ing water is driyen, out by the pressure of the 
ste^iQ* ■>■•"': 

.Mifts. Two ^uge-cocks, confiected with pipes 
passing mto the boiler, the one longer than the 
Qth^r, to ascertain the depth of waters Should one 
of jthese furnish steam and the othe!r water, the 
latter, m^y be considered at the required height. 
But if on the contrary both give steait), or bpth 
water, it is too high or too low. . 

'u;. Forcing-pump, worked by the main beam, 
for the sppply of the injection-cistern, with which^ 
it communicates by means of the pipe irx. 

When the atmospheric engine is. set to work, 
the boiler must be filled rather more than half full 
of water, and the steam having attained a pressure 
of about pne pound on each square inch of the 
boiler, the pump-rods will preponderate, and the 
piston be drawn to the top of the cylinder. In a 
few moments the elastic vapour will be seen to 
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issue firom die sniftiiig-valve v> ftnd the communi- 
cation with the boiler being then closed, the injec- 
tion water must be admitted, which condenses the 
steam, and of course forms a vacuum beneath the 
piston. The downward pressure of the atmo« 
sphere being now unbalanced by any resisting me* 
dium beneath, acts upon the piston with a force 
proportioned to its diameter, and it is made to 
descend with considerable velocity, at die same 
time raising the pump»rods h tb connected with 
the opposite end of the beam. 

In adjusting the working beam, it is necessary 
to allow the end connected with the pump-rods to 
preponderate, and this is accomplished 1^ means 
of a moveable counter-weight. When an engine 
is erected on a mine, where the depth of the shaft 
is continually increasing, the quantity of water 
first lifted by the pumps being small, the engine 
must work slow, and the counter-weight be in 
proportion, allowance being made for the light- 
ness of the pump'rods, which increase in weight 
^ith the progress of the mine. In the early stages, 
however, the injectioil itiust be very sparingly ap- 
plied, so as to condense imperfectly within the 
cylinder, or the piston Will descend with such ve- 
locity as to destroy the whole apparatus. 

The boiler of Newcomen*s engine was placed 
immediately beneath the cyliikder ; but this ar- 
rangement has, in the later engines, been materi- 
ally improved ; the boiler being now detache d 
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from tlie engine-room ; and by this plan a consider- 
able saving in the height of the engine-house is 
also effected. 

We have already stated that Mr. Watt's great 
improvement consisted in condensing the steam 
in a separate vessel : the internal part of the 
cylinder being kept at the temperature of boiling 
water, so that the continued waste of steam, and 
consequently of fuel, that occurred by forming a 
vacuum beneath the piston in the atmospheric 
engine, was in this case avoided. 

The nature of this improvement will be best un- 
derstood by reference to the Single-acting Engine^ 
that forms the subject oi PlateXW. in which « repre- 
sents the boiler, enclosed in a casing of brick work. 

6. The steam-pipe, connecting the cylinder c 
with the boiler. 

c. The cylinder, firmly attached to the floor of 
the engine-room by the bolts d d, and having its 
upper end enclosed by the cap e, through which 
iJie piston-rod is made to work air-tight. 

f.g. The beam, working on its axis or fulcrum 
at A, the socket in which the axis revolves resting 
on the floor and wall i. 

j. The pump-rod, suspended at the end g of 
the working-beam. 

. The piston-rod, connected by the parallel 
motion at f with the working-beam fg. 

m. The condensing cistern, containing the air- 
pump «, the condenser, and hot-well o : aeon- 
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tifiMd tttpiriy of water being prociired bj the 
action of the cold water pump /», while the over- 
flow is carried off by a waste pipe to the wcM q^ so 
that nearly the whole of the external part of the 
apparatus* is kept at the same temperature as the 
surroundii^ atmosphere. 
. r.and s. The upper and lower steanwvalvies. 
! :f» The exbaustion-ivaive. 
. V. The pht^beam^ fumishisd with pins to give 
motion to^the levers acting on the valves ra #4. > 

u. Pump, to raise water from the hot^well o to 
suppdy the boiler^ which is effected by the pipe w 
v>^ the smalldstemx beii^ provided with >a. iialve 
and lever furnished with a wire passii^ down to 
the boiler at y. The lowier end of the wire is at^ 
tached to a weight, which by its descent opeiis.the 
steel-yard valve, and allows the admSs»bn of an 
additional supply of water when evaporatidti ren- 
ders it necessary. 

X. The man-hole, or aperture, fbrmed in the 
top of theboiler, by opening the cap of which the 
necessary clearing and repairs are effected. 
. The single-acting engine (to which we have 
thus briefly referred) is merely employed to raise 
water; the steam acting above the piston, while a 
vacuum is formed beneath. A more minute de- 
scription oFthe very compact double^cting engine 
of Messrs. Fenton, Murray j and Wood^ will best 
serve to explain the internal mechanistfi and 
mode of working one of these gigantic machiaes. 



' S6fore>. however, wst proceed to an esatniUatiDn 
of its intemaLmechttiisfli, /it iDay.be.adviitoble.ta 
take a ibrief view of the genei^al arirangeroent of 
its parts as exhibited in an engine of twen&ir-horse 
pdw6rj6i^cted at Leeds. .' 

Plate IV. AAA. Eoundatioo walls andinaaoliiy: 
of the building pn which the engine is erected*' 

B. The steam-rcylinder, enclosed in a jacket .or 
casing of cast iron, to exdiide the atmospheric air 
^m the cylinder, which is thus Jceptatt the tem-^ 
perature of boiling water^ ! > 

CC. Thie pipe, which/conducfs the steam from 
the boJJer to the valve-tube DD. ! 
: £S. : The eduction-pipe . leading to -the coaw: 
denser. F*  • • •■ /■; • • .. ;j 

. G» The air-pump, which with the eoiidensi^r F 
is immersed in the cold water cistern H. 

L The cold water pump, iwluch supplies^ the 
cistern H by the pipe J. 

K. The hot water pump, furnished with, the 
piston-rod P, the upper part of which is connect- 
ed with the working-beam at Q, so that at each 
elevation of the beam a; quantity of hot w^ater is 
furnished to supply the waste by evapoi*ation.: 

L. The piston-rody connected with the parallel 
motiop MM. 

NQf Two rods, attached to the opposite ends 
of the workiqg-beam,- jand connected with the air 
and cold water pumps IG. 

Q. The working-beaiPf supported by the cast- 
ijron column R. 



: B. The ccmaectiog^rod^ the lamer pmtaiwkmA 
m sttacbed to the craok T, while the other i» de- 
bated or deprened by the alternate motkm of tke 
workiDg-beam. 

U. A spur-wheel, attached to the cnudL-dMrfl, 
and working in a pinion Y, bj which it givea mo- 
tkm to the ilj-wheel W. 

XYZ. Three bereled wheels; the lint of which 
m attached to the crank^fthaft, and bjr the ipter- 
mediate wheel and shaft gives motiofi to the third, 
y^ " which by a eoncentric roller moves the valves. 

The parts of the engine we have thus briefly 
noticed, di&r but little from the ordinary doiMe- 
aeting engine of Messrs. Boulton and Watt*; and 
it will be necessary to refer to the enlarged scale 
on the following j^te for a more accurate descrip- 
tion of the working ci the valves, &c« 

Pkde y. Fig. 1 and % represent sections 
of the steam-pipes, valves, and communicating 
rods. 

C The steam-pipe^ furnished with a throttle^ 
valve at a, to regulate the supply of steam to the 
engine. This is efiected by the action of the 
lever h^ and connecting-rod c, which commnni- 
cates the action of the governor g to the valve a ; 
while a rotatory motion is communicated to the 
axis of the governor, by means of a band passing 
from a pulley on the crank-shaft to a similar pul- 
ley on the axis of the governor. 

e. e. Two bent levers passing through a slit in 
the middle of the spindle, and turning upon an 



axis at/. Hie upper part of the* spindle ts fur* 
nished with a socket A, which is allowed to ascend 
when the centrifbgal force of the governor in* 
<;reases. Should, however, its motion decrease, 
the balls Jj will descend, while the socket h will 
ascend, and with it the lever I. 

c. A rod connecting the levers / and ft, which 
by their joint action communicate the motion of 
the governor to the throttle-valve a, so that when 
the engine is at reajt the balls jj will also be rest- 
ing against the arms h A:, the upper end of the 
levers e e will be brought nearer to each pther, 
and the rod c being raised, the throttle-valve will 
be turned in a horizontal direction, thus allowr 
ing a large portion of steam to pass through the 
pipe C. 

DD. A pipe connecting the top and bottom of 
the cylinder with the throttle-valve a. 

E. The eduction-pipe, passing down to the 
condenser. 

The valves n o have each a cylindrical tube or 
spindle passing through the stuffing-boxes r and ^, 
to the upper end of which are screwed two other 
stuffing-boxes t and te, so that both valves are al- 
lowed to slide up or down without permitting the 
steam to pass. 

p. q. Two other valves similar to n o, whose 
.spindles pass through the stuffing-boxes t u. 
. Fig. 2. Is a front view of the two sliding bars 
iwhich are intended to give motion to the valves 
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nopq. These bars are kept in. a perpend 
direction by the pieces z Zy and the gu 
In the lower ends of the bars are two frictio 
ers 3 3, which are acted upon by the two < 
trie wheels 4 4, and raised and depressed 
nately by the upward and downward stroke 
engine. 

The horizontal shaft Z derives its motion 
a similar shaft Y placed at right angles,. com 
eating by me^ns of beveled wheels with the c 
Shaft. • 

9, 10, 11, and 12, are four arms, fixed t 
bars V t;, and w w, for the purpose of roovis 
.valves. ■■■' «'•.'.. 

13^ A lever or handle revolving upon a 

screwed in the pipe E, which, by its acti 

itiade to open and shut the steam-valves wh€ 

engine is first set to work. 

\8. A mercurial or barometer gauge for 

^ suring the pressure of the steam above or 1 

\] thai of the atmosphere. One end of the 

meter-gauge enters the steam-pipe DD, whil 
other is open to the atmosphere and furn 
i|^ with a gauge. 

The communication between the baron 
gauge and steam-pipe may be closed at. 
sure by the stop-cock 19. In the lower or 
part of the tube is placed a quantity of meri 
and it will be evident that upon openitig the 
19, the pressure of the steam endeavourii 



11 






i 



General Description. * 1S9 

pass by the pipe DD, will be counterbalanced by 
the pressure of the atmosphere. Should, how- 
ever, the elasticity of the steam exceed that of the 
atmosphere, the mercury will be raised in the 
outer leg of the gauge, and the difference in the 
altitude of the two coltimns will show the working 
power of the steam. When the altitude of the 
column 18 exceeds that of 19 two inches, the 
pressure of the steam will exceed that of the at* 
mosphere nearly one pound per square inch. 

A nearly similar instrument is also employed 
to ascertain the degree of rarefaction in the con-^ 
denser. It consists of a bent iron tube 21, the low- 
er end of which opens to the condenser. The mer- 
cury is poured into the tube at the open end 23, 
and the stop-cock 22 being opened, the mercurial 
column at 23 will be depressed, while that on the 
opposite side will be raised in a proportionate 
degree. This effect is produced by the vacuum 
formed in the condenser. If the condenser and 
air-pump are in good order, the mercury will 
descend about fourteen or fifteen inches, which 
will indicate a pressure of so many pounds upon 
the square inch. So that if we refer to the two 
gauges, it will be found that the total amount of 
power, or acting force upon the piston, will be re- 
presented by the difference in the altitude of the 
two mercurial columns added together. 

To put the engine in action, the fly-wheel W, 
Plate IV. must be turned till the crank T is in 
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a horizontal directioD, when the pUton will be 
in the midtllc of the c^rlinder B, anil the eccentric 
wheel 4 on the upper side of the shaft Z. The bar 
w u; will also he raised, together with the valves o 
atHi p, and the handle 13 being turned, a passage 
will be opened for the steam to blow from the pipe 
C, and thus expel the atmospheric air, which pre- 
viously filled the different parts of the engine. 
When this is effected, and the temperature of the 
engine raised, the lever 13 must be turned to its 
original situation; the bar t'r, together with its 
valves, will descend, and the steam will be shut 
off from the upper side of the cylinder; while, 
at the same time, the passage will be stopped be- 
tween the under side of the piston and the con- 
denser. The injection -cock must now be opened, 
which wilt admit a small jet of cold waler into the 
condenser, and a vacuum will be formed above 
the piston, while the steam is entering beneath 
with a pressure equal to or greater than that of the 
atmosphere. 

The piston-rod being thus made to ascend ia 
the cylinder, the opposite end of the beam Q will 
be depressed in a proportionate degree, and the 
rod S, as well as the crank T, will also descend, 
and a rotatory motion be produced. The fly- 
wheel will also have acquired a sufEcient degree 
of momentum to carry the crank past the perpen- 
dicular, and the piston will have arrived at the 
top of the cylinder ; tlic situation of the valves 
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rbeing reversed by the action of the excentric 
ivbcels, and a continuous motion is thus produced. 
The /{igh-pressure Engine, ill its most simple 
form, may easily be described by reference to the 
following diagram. 

^m The cylinder A is furnished with a piston and 
rod B, the latter being made to fit air-tight in a 
stuffing-box at the top of the cylinder. A four- 
way cock C is also provided for the admission 
of highly elastic vapour, and its subsequent dis- 
charge into the atmosphere. The action of the 
four-way cock will be best understood by the sec- 
tion D ; in which E represents the waste-pipe con- 
nected with the chimney, while two other aper- 
tures serve to convey the steam alternately to the 
upper and under side of the pl3ton, and a third 
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communicates with the steam-boiler. So that if 
vfe suppose the piston to be in an ascending di- 
rection, and the steam of course entering the 
cyUnder beneath, a communication will at the 
same time be formed between the upper side of 
the piston and the atmosphere, while the steam 
that had previously been employed to depress the 
piston is now allowed to escape. When the piston 
has reached the top of the cylinder, the cock is 
turned, and its action reversed, the steam now 
entering above the pistcMfi, while a communication 
is formed for its escape beneath. 

The remaining parts of the high-pressure en- 
gine, as constructed by Messrs. Trevithick, may 
very easily be understood. The boiler consists of 
a large cylinder of cast iron, made very strong, 
and placed with its axis horizontally upon short 
feet or pillars of cast iron j the boiler has a flanch 
at one of its ends to screw on the end or cover, 
which has the requisite openings for the fire-door, 
the man-hole, the exit for the smoke, and the 
gauge-cocks. The fire is contained within the 
boiler in a cylindrical tube of wrought iron, which 
is surrounded with water on all sides ; one end of 
this tube is attached to the end or cover of the 
boiler, and is divided into two parts by having 
the fire-grate extended across it ; the fire-door 
closes the opening in the upper half, which is the 
fire-place, the lower half forming the ash-pit ; the 
tube extends nearly to the end of the boiler, where 
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it is reduced in size» then doubles, and returns 
back in a direction parallel to the first tube 
or fire-place, to form the flue, till it arrives at the 
end of the boiler, through which it passes at the 
side of the fire-door, and it is then conducted from 
it into the chimney, thus carrying ofi^the smoke. 

At the part where the flue enters the chimney, 
is a small door to remove any soot that may have 
accumulated. On the top of the boiler is a safety- 
valve, kept down by a lever and weight, to allow 
the steam to escape in case it becomes so strong 
as to endanger the bursting of the boiler. The 
cylinder of the engine stands in a perpendicular 
direction, and is enclosed within the boiler,,except 
a few inches of its upper end, at which the four-, 
passaged cock is situate, and the flanch which 
screws on the lid, with the stuffing-box for the, 
piston-rod to pass through. The boiler has a pro-, 
jecting neck, into which the cylinder is received, 
and it is fastened in its place by a flanch round 
the upper end of the neck of the boiler, which is 
united by screws to a similar flanch project- 
ing from the cylinder. The upper end of the 
piston-rod is fastened to the middle of a cross- 
bar, which is placed in a direction at right 
angles to the length of the boiler, and guided 
in its ascending and descending motion,, by 
sliding between two perpendicular iron rods, fixed 
to the boiler, parallel to each other, being cop- 
nected together at top, and firmly supported there 

M 2 
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by two diagonal stays extending from the other end 
of the boiler, and secured to the flanch, which 
screws on the end of the boiler. At the ends of the 
cross bar of the piston-rod, the two connecting- 
rods are jointed, and the lower ends of them are 
connected with two cranks, fixed upon an axis, 
extending across beneath the 'boiler, and under 
the centre of the cylinder ; the axis is supported 
in bearings made in the legs which support the 
boiler, and the fly-wheel is fixed in it. One of 
the cranks is formed by a pin, which is fixed into 
the arm of the fly-wheel at the same radius as 
the opposite crank. The fly-wheel is situate 
close to the side of the boiler, and the pin for the 
other crank is fixed into the arm of a large cog- 
wheel, fixed on the axis of the fly-wheel at the 
opposite side of the boiler. This cog-wheel com- 
municates the power of the engine to other cog- 
wheels. As the piston is alternately forced up 
and down by the pressure of the steam, it carries 
the cross-bar with it, and by the connecting-rod 
turns the two cranks, together with the fly-wheel, 
and other connecting machinery. 

The Double 'Cylinder Expansion Engine^ con- 
structed by Mr. Woolf, possesses considerable ad- 
vantages over that invented by Mr. Homblower, 
with whom, it appears, the idea of constructing an 
engine with two cylinders originated: the only 
novelty, however, in Mr. Woolf 's engine, consists 
in the application of high-pressure steam, and in 
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the proportioning of the cylinders to the elasticity 
of the vapour employed. Having already explain- 
ed the principle upon which Mr. Woolf 's engine 
is constructed, it may be enough for our pre- 
sent purpose to describe its action, with reference 
to the annexed digram. 




A and B represent the two cylinders, in the 
larger of which the steam is allowed: to expand 
itself, after passing from B. The steam, which in 
the first instance is of considerable elasticity, is 
admitted to the cylinder B, by the tube and valve 
6, and entering the cylinder above the piston 3, 
impels it to the bottom. When this is effected, 
a communication is opened between the upper 
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part of the cylinder B, and the under side of the 
piston 4, in the larger cylinder. The commu- 
nication between the cylinder B and the steam- 
pipe 6, is now reversed, and the steam is made to 
press on the under side of the piston 3 ; a com- 
munication being at the * same time formed be- 
tween the upper part of the cylinder A, and the 
pipe leading to the condenser 5. So that if we 
suppose the pistons 3 and 4 connected by means 
of their rods with one end of an ordinary working 
beam, the upward and downward strokes of each 
will be performed at the same time. 

We have hitherto considered the steam as pass- 
ing direct from the boiler to the cylinder B ; 
this, however, is in reality effected by a more 
circuitous route, as it is in the first instance ad- 
mitted to the steam-case of the larger cylinder, 
by the pipe 1, and passing round a similar case, 
encircling the cylinder B, it is then made to enter 
the cylinder by the tube 6. The pipe at Fig. 2. 
is merely intended to form a communication for 
carrying back to the boiler any water that may 
be produced by condensation in the steam-case, 
before the engine arrives at a proper temperature 
for working. 

Having described the nature of Mr. Woolf 's 
engine, it may now be advisable to examine the 
boiler, by which he proposed to generate steam of 
sufficient elasticity for the use of the small cylinder, 
which requires vapour of great expansive force. 



General Descripiion, 167 

The boiler represented by tbe diagram beneatb, 
consists of a series of tubes of cast iron, connect, 
ed by screw-bolts with the under side of a larger 
vessel, or magazine of the same material. This is 
furnished with four, and in some eases with five 
apertures; the first of which, A, is intended for 
the admission of water, to supply the waste which 
continually arises from evaporation, which is effect- 
ed by means of a small forcing-pump, as it will be 
evident that the column must be carried to a con- 
siderable height, before its weight can so far over- 
come the resistance of the steam within the tube, 
to allow of its entering by the ordinary method. 




Mr. Woolf usually employs two safety-valves 
which are placed at B, while C represents the 
man-hole, and D the pipe by which the steam is 
conveyed to the engine.* 



'* These,' as welf as the fianches, and otlier steain-tight fasten- 
ings of a permanent nature^ are usually connected by screw- 
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In Mr. Woolf 's specificatioD^ a method is point- 
ed out for applying this plan to the boilers of 
steam engines already in use, by placing a. series 
of cylinders beneath the present boilers, and con- 
necting them with each other, and with the boiler 
above. The tubes may be made of any kind of 
metal, but cast iron is the most convenient ; their 
size may also be varied, but in every case care 
should be taken not to make the diameter too 
large ; for it must be remembered, that the larger 
^the diameter of any single tube is in such a boiler, 
the stronger it must be made in proportion, to ena*- 
ble it to bear the same expansive force of steam as 
the smaller cylinders. It is not essential, how* 
ever, to the invention, that the tubes should be 
of different sizes; but the upper cylinders, and 
more especially the one which is called the steam- 
cylinder, should be larger than the lower ones, it 
being the reservoir, as it were, into which the 
lower ones empty themselves. 



bolts and nuts $ a sheet of wooUen or linen doth coated with 
cement, being first introduced to unite the intervening surfaces. 
The cement best a^^pted for this pirpose^ from its durability 
and power of withstanding the action of steam^ may be thus pre- 
pared :•— Take two ounces of sal ammoniac, one ounce of flour of 
sulphur, and sixteen ounces of castriron filings; these, after 
being well mixed in a mortar, must be placed in a dry siiuatioo, 
and when wanted for use one part of the above mi^tiire must 
be blended with twenty parts of clean filings, and saturated with 
a little water. On being applied to the joint it will shortly her 
come as hard its the met^UijC surface pd which it isplapedj 
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The following general directions are given 
respecting the quantity of water to be kept in a 
boiler of this construction ; viz. it ought always 
to fill, not only the whole of the lower tubes^ but 
also the great steam^cylinder. A, to about half its 
diameter, that is» as high as the fire is allowed to 
reach. And in no case should it be allowed to 
get so low as not to keep the vertical necks, or 
branches which join the smaller cylinders to the 
great cylinder, full of water, for the fire is only 
beneficially employed when applied, through the 
medium of the interposed metal, to water, to con* 
vert it into steam ; and indeed, the purpose of 
the boiler would in some measure be defeated^ 
if any of -the parts of the tubes thus exposed 
to the direct action of the fire, should present 
a surface of steam instead of water, to receive 
the transmitted heat ; this, however, must, more 
or less, be the case whenever the lower tubes, 
and even a part of the upper, are not kept filled 
with the water. 

Respecting the furnace for this kind of boiler, 
it should always be so built as to give a long and 
waving course tp the flame and heated air, so 
that they may, in the most effectual manner, 
strike against the sides of the tubes which com- 
pose the boiler, and so give out the greatest 
possible portion of their heat before they reach 
the chimney : unless this be attended to, there 
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vill be a mncfa greater waste of filial tbi 
cessaiy, and the heat communicated to tht 
tents of the boiler will be less froin a 
quantity of fuel. 

Mr. Maudslay, in his Portable Engim 
penses with the beam usually employed fo 
necting the fly-wheel crank with the pistoi 
sDd, in this respect, as well as in the wi 
of the valves, his engine materially differ 
those we have already described. 
■r Plate VZ.Fig. 1. Front elevation of a ten 
power engine. 

Fig. 2. Longitudinal section of ditto, ( 
centre line. 

Fig. 3. End vievf of ditto- 

A. Cast-iron frame of the engine. 

B. The cylinder. 

C. The piston, furnished with a rod D, 
cross head and socket £. 

F. Guide wheels, which keep the piste 
rod in a vertical position. 

G. Frame for ditto, in which the wheels ] 
made to work. 

H. Side rods» which serve to connect th< 
head £ with the double crank 1 1. 

1 1. Two cranks, made to turn in the plu 
block, or bearing, JJ, at each side of the 
and to which the fly-wheel shaft K is cmii 
by a coupling-box or clutch, at the end ne 
engine. 
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K. Fl j-wheel shaft, working in a plummer^Uock 

on the wall. 

L. Coupling-box, connecting the engine with 
the fly-wheel shaft. 

M. The fly-wheel. 

NN. Two excentric wheels, supported by the 
crank-shaft K, the action of which give motion to 
the two beams O and T, by means of the connect- 
ing-rods PP. 

O. The beam which works the cold-water 
pump S. 

PP. Two connecting-rods. 

Q. The double bearing, on which the cold<« 
water pump-beam works. 

R, A rod which serves to connect the bucket 
of the cold-water pump with the beam O. 

S. The barrel of the cold-water pump. 

T. Beam which works the air and hot-water 
pumps, and to which motion is communicated by 
the connecting-rods P, as before described. 

U. The slings which connect the air-pump rod 
to the end of the beam T. 

V. The double bearing, or centre, on which the 
air-pump beam T works. 

W. The air-pump bucket. 

X. Air-pump cylinder. 

Y. Hot-water pump, worked by a small rod, 
attached to the air-pump beam. 

Z. Feed-pipe, to supply the boiler with hot 
water. 
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a. Cross rail on which a guide is fixed to con- 
fine the air-pump rod in a vertical position. 

b. The condenser. 

c. The cold water cisterns^ connected by a 
pipe d. 

e. Eduction pipe, or passage for the steam from 
the cylinder to the condenser. 

f. Injection cock, to admit the cold water into 
the condenser. 

g. Foot valve, at the bottom of the air-pump, 
and communicating from thence to the condenser. 

h. Hand gear, for, stopping or starting the en- 
gine. 

i. A rod, connecting the hand gear with an 
excentric A:, fixed on the crank-shafl ; the action 
of which communicates a vibratory motion to the 
rod u 

L Connecting-rod, and double-ended lever m, 
fixed at the extreme end of a spindle, while a be- 
viled wheel is attached to the other ; the latter of 
which works the spindle of the steam-cone n. 

o. The steam-cone, or cock, for admitting the 
steam from the boiler to the cylinder ; beyond 
which is a contrivance for shutting off the steam, at 
the half, or any other part of the stroke, by which 
a very considerable saving in the steam, and con- 
sequently in the fuel, is effected. 

It will very readily be seen, that the cone em- 
ployed in this engine, for regulating the passage 
of the steam from the boiler to the cylinder^ differs 
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very materiaUy from the valves in Messrs. Mur-> 
ray and Wood's engine, and a slight examination 
of the sectional view in Plate Y. will shew that the 
greater degree of friction that must of necessity 
attend the former contrivance, is more than com- 
pensated by its superior tightness and simpli* 

city. 

A. represents an end view of the cylinder and 
steam-cone. 

B. Side view of ditto. 

C. Plan of ditto, taken at the horizontal line D. 

E. Steam-pipe. 

F. Pipe, communicating with the condenser. 

G. Steam-cone, ground into its seat, and con- 
nected with the grease-cup H, by the means of 
which a regular supply of oil is furnished. 

I. Plan of the steam-cone and passages, by 
which a communication is alternately opened be- 
tween the steam-pipe and the upper end of the 
cylinder, and the condenser and the lower end of 
the cylinder, and vice versa. 

When we consider the reciprocating steam en- 
gine in its present most improved state, both with 
respect to the admirable expedients for adapting 
it to the end proposed, and the skill displayed in 
the workmanship, we may almost venture to con- 
clude that it has reached its utmost degree of per- 
fection ; and yet it must be acknowledged, that 
it absorbs nearly half the power of the steam 
employed in friction, and in alternating its 
movements. This fact will be apparent by cal- 
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dilating what pressure on the piston of a recipro* 
eating condensing engine, would be required to 
produce its nominal power ; and it will be gene- 
rally found, that (with the common speed) this will 
be obtained by accounting only from six to seven 
pounds pressure, per square inch, on the piston of 
small power engines ; seven to eight pounds as to 
engines of from ten to thirty-horse powers ; and 
from eight to nine pounds as to engines of larger 
powers, though the actual pressure on the piston 
is nearly sixteen pounds. 

We have seen, that steam engines were, in the 
first instance, used for raising water, for which 
purpose the alternating motion of the beam is well' 
adapted ; at present, however, by far the greater 
number of reciprocating steam engines are re** 
quired to impart a rotatory motion to the ma- 
chinery attached to them. 

The loss of power, to which we have already 
alluded, together with the expense of the con- 
struction of the reciprocating engine, have induced 
numerous attempts to invent an engine imparting 
a rotatory motion in the iirst instance ; and the re- 
cent application of this prime mover to the pur-* 
poses of navigation, has also acted as an additional 
stimulus to the attainment of so desirable an ob- 
ject, the inconveniences of a reciprocating engine 
being most sensibly felt in steam-vessels. Hither- 
to, however, those attempts have been attended 
with only partial success ; for though many patent 
inventions have come under our observation, the 
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principal of which will be found in tlie Appendix 
attached to this work, they have altogether failed 
in attaining any decided superiority over the 
reciprocating engine, either from excessive fric* 
tion, or the expense and nicety of workmanship 
required both in their construction and repairs. 

Those difficulties appear to be obviated in 
Messrs. Masterman's Rotatory Engine^ in a much 
greater degree than in any other that has come to 
our knowledge : the entire friction of one of those 
engines (without a condenser) having been proved, 
from actual experiment, not to exceed half a 
pound per square inch on the valves ; the expense 
of construction being very considerably less than 
that of reciprocating engines, particularly in the 
larger powers, and the extraordinary simplicity of 
its parts securing it from almost any expense for 
repairs. 

For steam navigation it appears admirably 
adapted, and when used with mercury instead of 
water, combines, in an eminent degree, economy 
of space and fuel ; and this, in the latter case, it 
will be evident must be very considerable, on ac- 
count of the almost total absence of friction. 

PlateYIL Fig. 1. is a vertical and central sec- 
tion of the revolving part of the engine, called thie 
troke, which is composed of a centre a, called 
the nucleus, of six hollow arms 6, 1 to 6, called 
radii, and of a hollow ring cc^ called the annulus. 

Fig. 3. represents the nucleus ; one end m is a 
perfect circular plancy called the face ; six holes 
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of similar %ure and dimensions are sunk in the 
face at equal distance3 from each other, following 
a direction parallel with the axis e, until half way 
through the nucleus, then, assuming a direction at 
right angles with the axis, they open in the peri- 
phery of the nucleus. 

The axis passes through the centre of the nu- 
cleus at right angles to the plane ,of the face. 
The annulus consists of six equal parts, in each of 
which is fixed a steam-tight valve, exactly similar, 
&nd opening in the same direction by a hinge 
placed in the side of the annulus nearest the axis. 
The rods which form the hinges of the valves, 
project through stuffing-boxes in the side of the 
annulus ; and on each of these projections is 
placed a lever, at such an angle with the valve as 
to point to the axis when the valve is half open ; 
and at the extremity of each lever is a weight d, 
more than sufficient to counterpoise the weight of 
the valve against which it acts. In the side of 
the annulus nearest the axis, are six holes at equal 
distances from each other; these holes are con- 
nected with the holes opening in the periphery of 
the nucleus by means of the hollow radii &, 1 to 6, 
thus forming a steam-tight communication be- 
tween each hole in the face and the inside of the, 
annulus. 

jF%. 4. is a section of a metal plate or mask, 
which is of equal diameter with the &ce, having 
one side ground perfectly flat. 
Through the centre of the mask is a circular 
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hole e tf> adtoit the end of the axis* lo the Bp^ee 
surrounding thi^ hole there are three oth^i" holes^ 
Pf i^ and /• The holes i and / are eaeb of such di^ 
mensions as to extend over oDe of the holes in the 
face and the adjoining space ; and the space iti the 
mask between the holes i and / is of such difiien* 
sions^ as just to (iover completely one of the holes 
in the face. 

• The holes- j^i and I terminate in lateral aper* 
tures, as represlented in Fig. 6. The hole / is con- 
nected with the boiler by a steam-pipe ; the hole 
3 with the condenser, if one be used, or discharges 
the steam into the air. To the hole p is fixed a 
perpendicular pipe, rising above the level of the 
troke. 

The mask does not revolve, but is kept closely 
pressed against the face by meads of the nuts and 
ridgs. Fig. 6. which are fixed on the end of the axis 
e; and it is maintained in such a position, that the 
space between / and % is just above the level of the 
centre of the troke, and on the side of the axis 
nearest the closed valve in Fig. 1. 

Fig. 2^ is a section on the plane of the axis of 
the troke mounted on its axis, together with the 
mask applied to the face, and of a reservoir i: at 
the top of the pipe A, for supplying the interior of 
the annulus with water. To the end of the axis 
farthest firom the face, the machinery to which it 
is proposed to impart motion is aflKxed. 

The engine is worked by steam and water as 

N 
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IbUows. The antiulus is in the first place half fill-^ 
ed with wafer, either admitted cold, and heated by 
sufibring the steam to flow into it through the pipe 
«, or admitted in a heated state from the boiler. 
On the steam valve being opened, the steam enters 
the hole I in the mask. Fig. 4. through the pipe /, 
Fig. 5. and passes thence through the hole in the 
face which happens to be opposite to the aperture 
in the mask, and enters the annulus ; then rising 
through the water, it is stopped by the valve ^, 
immediately above the radius by which it entered, 
which will then be closed. The steam resisted by 
the valve, acts against the surface of the water be- 
low it, and pressing it downwards, proportionably 
raises it on the opposite side of the annulus, until 
the pressure of the column of water acting against 
the closed valve, through the medium of the steam, 
is stifficient to overcome the resistance. The troke 
is now made to revolve, and^ as it revolves, each of 
the holes in the face communicates in succession 
with the hole /, and, by this construction, one en- 
tire hole in the face, or parts of two equal in propor- 
tion to one, is always in communication with the 
hole ^; so that there is a continual flow of steam 
into the ami&lus, causing the watery through its me- 
dium, to exelt a constant and uniform pressure oh 
the viklvea as they ascend. The holes in the face, 
as they pass in succession from the hole / to the hole 
i are entirely dosed by the space between them ; 
and, immediately on communicating with the hole 
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f\ tbe steam rushes from the annuli» ^roug^ that 
bole into the> eondeDser, or into ihe air; and the 
pressure of steam being thus riemoved from the 
valves, they will open by the gravity of the- weights 
d, aa they begin to descend, and thus allow the 
column of water to remain on that side of the an- 
nulus. Thus a uniform rotatory motion is produced 
and maintained as long as the steam continues to 
flow into the annulus, and acting with a force pro- 
portionate to the difference of level in the Water. 

In Fig. 1. the troke is represented as revolving, 
and the steam flowing into the annulus, through the 
radius b 1 ; /represents the steam in the annulus 
iietween the closed valve and the depressed sur- 
face of the water ; g the water raised on the oppo- 
site side of the annulus, while the remaining or 
darkest part of the annulus is where the valve 
and the ^upper suri&ce of the water are relieved 
from pressure, tt>e steam having discharged itself 
through^ 6, « , 

The steam may be admitted through a radius 
more or less horizontal, according as the column 
of water is higher or lower, by means of an ioiier 
mask, which changes its position ; the closing spot 
of the valves may also be regulated accordini^, 
by means o£ catches acting on their levers. The 
troke is of cast iron, and, to prevent condensa* 
tion, it is enclosed in a steam-tight case* 

From this brief examination of Messrs. Master- 
man's engine, it will, we think, be apparent, that 

N 2 
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the troke alone performs , the unifaed function of 
cylinder ^piston, bean), crank, and. fly- wheel} thms 
ensuring a decided superiority over the recipro- 
eating engine. 

The advantages resulting from the use of steam 
engines have^ in some cases, been considered as 
fully equipoised by the smoke and noxious effluvia 
which proceed from their capacious vomitories; 
and this, in large manufacturing towns, is indeed 
an evil of some importance, to obviate which a 
variety of contrivances have been suggested. 

The first attempt at consuming smoke, appears 
to have been made by M. Dalesme, a French en«- 
gineer, who exhibited a contrivance of this de« 
scription at the Fair of St. Germain's in 1685.* In 
1 785 Mr. Watt obtained a patent for the construe* 
tion of an economical furnace, which not only com 
sumed the smoke, but employed it as an useful 
auxiliary in increasing the heat. To understand 
this it will be necessary to observe, that the dense 
smtoke which is usually discharged at the top of 
^he chimney, is in fact, so much. good fuel, which 
requires but a sufficient supply of oxygen to render 
it fit fpF combustion. 

Mr. WattaccompUsbed this in his early engines 
by stopping up every avenue to the. chimney, ex- 
cept such, as might be lefl in the interstices of the 
ignited fuel, and the smoke from the fresh coal wm 



i«M^M«l««F 



* Vide. Transactions of the Royal Society, vdL xvi. p. 76.' 
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;Consumed by passing through the burning fuel or 
■poke. 

A variety of improvements have since been 
-introduced, an acconnt of which will be found in 
Appendix (b,) and wc shall content ourselves, in 
the present instance, with briefly noticing those 
that appear best calculated to answer their in- 
tended purpose. 

Mr. Roberton's plan is nearly similar to that em- 
ployed by Mr. Watt. The opening through wliich 
the fuel is introduced into the furnace is shaped 
like a hopper, from the mouth or entrance of which 
it inclines downward to the place where the fire 
rests on the bottom grate. The fresh coals contain- 
ed in the hopper answer the purpose of a fire-door, 
and the principal point to be attended to in the 
management of this furnace is, that the hopper 
shall be so filled with small coal as to prevent as 
much as possible the passage of atmospheric air by 
the hopper. Beneath the lower part of the hopper 
the furnace is provided with front bars, which serve 
to admit air among the fuel which is undergoing 
the process of coking in the lower part of the hopper, 
and at the same time offers a ready mode of forcing 
the ignited fuel thus deprived of its smoke upon the 
centre of the burning mass, where it is completely 
consumed, while an additional supply of fresh coal 
falls down the hopper to supply its place. By thia 
, arrangement, and the judicious admission of a thin 
[ stratum of fresh air, by a valve place<l near the 
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mouth of the hosier, the quantity of •n 
considerably reduced, the whole of the fiie 
brought into a state c^ ignition before it 
rived at the middle of the hurning mass, 
sufficient supply of oxygen is furnished by I 
valve for the purpose of combustion. 

Sir William Congreve's invention consisti 
application of chalk, or any other calcareo* 
stance convertible into lime by means of t 
Buxiliaries to the ordinary articles of fuel, 
is effected by converting the furnace into a i 
of lime-kiln, in which the mass of heated i 
Employed not only to heat the boiler, but i 
a large quantity of the above substance ; thi 
centrating and keeping in action a most pc 
heat in aid of the ordinary operation (Mfthe 

The following is the substance of a series 
periments and calculations, made in the Ro^ 
boratory at Woolwich, which serve to she 
great advantages attendant on the adoption 
method. 

Thirty gallons of water were evaporated in 
hours by half a bushel of coal, weighing for 
pounds, calcining at the same time one bush 
a half of lime. Thirty-four gallons of wate: 
afterwards evaporated in the same time* w 
burning the lime, and required one bushel 
half, or 126 pounds', of cool. These experi 
were afterwards repieated, and the same i 
obtained. 
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It appears therefore, from these trials, that half 

a bushel of coal, with lime, generates very nearly 

the same quantity of steam as one bushel and a 

half without the lime. This however may be 

better illustrated by the following statement of 

the comparative expense. 

$. d. 
Firtt expwiment.-' 



Second experiment. — One bushel and a half of coal . . 19 
In the first experiment the lime produced by 
this species of burning may fairly be averaged at 
nine pence, so that, compared with the present 

 mode, the saving on evaporating thirty gallons of 
I water by means of the chalk, where a ready mode 

of disposing of the lime can be devised, is nearly 
Js. 9d. or the total expense of the fuel. 

Mr. Parkes employs an air-valve, somewhat si- 
milar to that of Mr. Roberton, though placed in a 
different part of the furnace; and either of these 
plans, if properly managed by the fire-man, would 
fully answer the end for which they were intended ; 

J but unfortunately this requires a degree of mecha- 
nical skill and attention seldom found in this class of 
persons; and though the nuisance may be abated 
for a short time, or while the engine is under the 
immediate superinteadance of the engineer, no 
_ very permanent benefit has yet been found to ac- 

 crue. To remedy this, Mr. Brunton proposes to 
1 -employ a mechanical apparatus completely beyond 
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the control of the attendant, whose attetttiox) fnay 
in this case be almost entirely dispensed with, tn 
Mr. Brunton's furnace the grate bars are tnade to 
revolve in an horizontal direction beneath the 
boiler, by which means the heat is uniformly dis-^ 
tributed over the whole of its lower surface^^ and 
a regular supply of coal is furnished from a hop- 
per above* 

To effect this the axis upon which the grate 
tu]rns is connected with the steam engine itself j 
and for a boiler of five feet diameter, it is made to 
perform about one revolution per minute. Every 
time it arrives at a certain point, the channel from 
the coal hopper is opened ; and in order to pte^ 
vent the air from passing down through the coat^ 
the patentee in his specification describes a rim, 
ilpon which the regulator is intended to lay, de« 
scending into a trough for the purpose of forming 
a water or sand valve. There is also a regtilator 
to the feeder, connected with the damper, so that 
if the boiler become too hot, or the pressure of the 
steam increase, the quantity of coal supplied should 
be diminished in a proportionate degree. The 
nature of this very ingenious apparatus will how-* 
ever be more fully understood by a reference to 
the improved furnace, &c. erected at Messrs. Smith 
and Liptrap's distillery, Whitechapel. 

Phte VIII. A A. Waggon boilers, to which the 
supplementary boilers BB are attached ; the smalU 
er or supplementary boilers being placed immedi* 
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ately oyer the fire, Avhile the larger boilers derive 
an additional supply of heat from the passage of 
the chimney C. 

D. Chimney doors. 

££E. Hoppers by which the coal boxes FFF 
are supplied with fuel. 

FFF. Coal boxes furnished with sliding plates, 
through the openings of which the coals are al- 
lowed to fall on the ignited fuel. 

GGGG. Steam-pipes joining the waggon and 
supplementary boilers. 

H. Furnace door attached to the supplementary 
boiler by a cement joint. 

II. Doors opening into the air-flues, to assist in 
the combustion of the smoke, and to withdraw the 
dust that may fall over the edge of the fire-grate. 

K. Axis or spindle upon which the grate is 
made to revolve ; the motion being communicated 
direct from the engine by the pinion and wheels L. 

M. Foundation plate, in which are formed the 
pivot holes for the axis K and the upright shaft N. 

O. Feed-pipes of the waggon boilers. 

P. Steam-pipe leading to the engine. 

Q. Pipe communicating with the safety-valve V. 

R. Horizontal shaft communicating with the 
vertical axis N, and also with the engine by which 
the whole apparatus is turned. 

SS. Chains attached to the damper chains, by 
which the lever T is moved, and the wedge U 
made to rise or fall with the damper plate j so that 

.0 
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when the steam is in excess, it may diminish the 
supply of coals in proportion to that excess, and 
vice versa. 

V. Safety-valve. 

W. Self-acting stop-valve, to prevent the steam 
passing from one boiler to the other when two 
boilers are used* 

X. A rod connected with the lever Y, which by 
pressing upon the stop-valve, closes the commu« 
nication between the two boilers, when a reduced 
supply of steam is required. 

Z. Gauge pipes to ascertain the amount of water 
in the boiler. 

a. Man-hole of waggon boiler, furnished with 
an internal safety-valve b. 

c. Stone float within the boiler. 

d. Bridge walls. 

f. Sand trough, in which revolves a thin plate 
attached to the fire grate, to prevent the air pass- 
ing in any other way than through the bars. 

h. The fire bricks surrounding the grate bars. 

i. A scraper attached to the grate, and, which 
revolving with it, cleans the air-flue. 

From the above description it will be evident, 
that the great advantage arising from the employ- 
ment of this apparatus, consists in an equable sup- 
ply of coal, and in the smoke arising fi-om its com- 
bustion having to pass over the entire mass of 
burning fuel prior to entering the chimney. By 
these means, the greater part if not the whole of the 
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smoke is consumed ; and it will be evident that 
the inflammable materials of which it is composed, 
will furnish an additional supply of valuable fuel, 
which would otherwise be thrown unconsumed 
into the atmosphere. As, however, direct experi- 
ment is the only sure test, by which this, or in- 
deed any project, can fairly be tried, we annex the 
results arising from two experiments; the one 
made at the distillery of Messrs. Liptrap and 
Smith, Whitechapel, London, to whose kindness 
we are indebted for the means of completing the 
above description, and the other at the Old Union 
Mill, Birmingham. 

At the^Old Union Mill^ Nine days experiment^ 

Common Furnace consumed • 465 cwt. 
Fire Regulator ... 390 

The Whitechapel Distillery, Eighteen Days experiment. 
Common Furnace consumed - S84 bushels. 
Fire Regulator * - - 194 
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List of Patents for the Steam Engine, with an Analytical 
Account of those more immediately connected with its Im* 
provement and general Application to the useful Arts.* 

T. Savery, London, July 26, 1698. 

This patent, which is the first upon record, for an in- 
vention in which steam was employed as a prime mover or 
principal agent in hydraulics, describes two modes of ef* 
fecting this very desirable object. In the first, it is used 
merely to produce a vacuum by condensation ; and, in the 
latter, the impellent or expansive force of the steam is made 
to act upon the surface of the fluid to be raised, and by its 
pressure in a close vessel, the water is driven up a con- 
necting tube to the required height. 

In this engine a vacuum being first formed by the conden- 
sation of steam, the water was afterwards raised by the pres- 



* A complete list of the patent-right inventions connected with this branch 
of oar manufoctares, has long been a desideratam ; while a reference to the chro- 
nological arrangement will shew the progressive improvements that have been 
effected in its construction. In addition to this, the future experimental fst may 
derive considerable benefit from the labours of his precursors thus at one view pre- 
sented to his notice. It is scarcely necessary to add, that a large portion of these 
exclusive monopolies are of little value beyond that of swelling the fees of the 
patent office; many of them being precisely the same in both principle and 
application. 

*A 
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sure of the atmosphere to a giveo height from the well ioto 
the engine^ and then forced out of the engine up the re- 
maining height by the pressure of steam upon its surface. 
This action was performed alternately in two receivers ; so 
that while the vacuum formed in one was drawing up from 
the well^ the pressure of steam in the other was forcing up 
water to an elevated reservoir, and by this means a con- 
tinued stream of water was produced. 

T. NswcoMSN and J. Cawlbt, 1705. 

This engine has been very fuUy described in a preceding 
page; to that, therefore, with a reference to the plate, we 
shall b^ to refer the reader. 

J. Hull, London, Dec. 21, 1736. 

The mode of propelling vessels by the application of pad- 
dle-wheels now so generally adopted, appears to have been 
originally suggested by this patent. Mr. Hull proposed to 
employ the atmospheric engine of Newcomen, which, by 
means of a crank communicating with the working beam, 
imparted a rotatory action to the wheels or paddles which 
were placed at the bow of the vessel, 

James Brindley, Lancashire, 1759. 

The boiler in this engine was proposed to be made of 
wood and stone, vsdth a cast iron fire-place within side of it, 
and surrounded on all sides, so as to give its heat to the 
water. The chimney was an iron pipe or tube, ^o im- 
mersed in the water of the boiler ; and this plan Mr. Brind- 
ley expected would save a considerable portion of the fuel. 

Blakey, 1766. 

This patent which consisted in an improvement upon 
Savery's engine, was in principle similar to that of Dr. Papio. 



111 tbU ease a qorattty of dl was plaoed ift the receiver^ 
which^ risii^ to the rarface^ formed a species of pistcm or 
float between the surface of the water and the hot steam; 
thus preventii^ the c(xit]niied cond^isation of elastic va- 
pour, which would necessarily occur in engines upon the 
original construction. 

To effect this two receivers were to be used, one in the 
same situation as Saveiys, which was to recdve the air; 
and the hot steam, when admitted into it, forced the air to 
descend by a jnpe to the second receiver, which was at the 
bottom of the well from whence the water was expelled, 
and prop(H*tionably raised in the force pipe. 

J. Watt, Birmingham, Jan. 5, 1769. 

To the great and comprehensive genius of the late Mr. 
Watt, and the spirit of rivalry which was exrited in the 
mechanical world on the publication of this patent, which, 
though the earliest, is certainly the most important of his 
inventions, may be ascribed the completion of those im- 
provements that have subsequently been effected in the 
steam engine. This patent, the term of which was pro- 
longed for twenty-one years from the expiration of the 
original grant, contains the following [Hinciples, which, for 
their importance, we insert in the author's own words: 
^^ First^ That the vessel in which the powers of steam are to 
be employed to work the engine, which is. called the cy- 
linder in common fire engines, and which 1 call the steam 
vessel, must, during the whole time the engine is at work, 
be kept as hot as the steam that enters it ; first, by enclosiug 
it in a case of wood, or any other material that transmits 
heat slowly; secondly, by surrounding it with steam or 
other heated bodies ; and, thirdly, by suffering neither water 
nor any other substance colder than steam, to enter or 
touch it during that time. 

" Secondly, In engines that are to be worked wholly or 

*A 2 
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partly bjr cofideDsatioo of steam, tbe steam is to be cod- 
densed in vessels distinct from the steam vessels, although 
occasionaDy commnnicatiDg with them. These vessels I caH 
coodeosers ; and while the engines are worldi^, these con- 
densers ought to be kept as cold as the air in the ndgh- 
boorhood of the engines, by the application of water, or 
other cold bodies. 

^ Thirdly, Whatever air, or other elastic vapoor, is not 
condensed by the cold of the condenser, and may impede 
the working of the engine, is to be drawn oat of the steam 
vessds by means of pumps connected with the engine. 

'^ Fourthly, I intend in many cases to employ the expan- 
siire force of steam to press on the pistons, or whatever may 
be used instead of them, in the same manner as the pres- 
sure of the atmosphere is now employed in common fire 
engines. In cases where cold water cannot be had in 
plenty, the engines may be wrought by force of steam only, 
by discharging the steam into open air after it has done its 
oflice.* 

*' Fifthly, Where motions round an axis are required, I 
make the steam vessels in the form of hollow rings, or cir- 
cular channels, with proper inlets and outlets for the steam, 
mounted on horizontal axles, like the wheels of water-mills. 
Wirfiin them are placed a number of valves, which suffer 
bodies to go round the channels in one direction only. In 
these steam vessels are placed weights so fitted to them as 
entirely to fill up a part or portion of their channels, yet 
rendered incapable of moving freely in them by the means 
hereinafter mentioned or specified. When the steam is ad- 
mitted into these engines, between the weights and the 
valves, it acts equally on both, so as to raise the weights to 



* Tbis should nol be understood to extend to any engine where the water to be 
railed enters the steam vessel itself, or any vessels having an op«n commonication 
with it. 
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one side of the wheel, and by the re-action of the valves, 
successively to give a circular motion to the wheel, the 
valves opening in the direction in which the weights are 
pressed, but not in the contrary one, as the steam vessel 
which moves round it is supplied with steam from the 
boiler, and that which has performed its office may either 
be discharged by means of condensers, or into the open 
air. 

" Sixthly, I intend, in some cases, to apply a degree of 
cold, not capable of reducing the steam to water, but of 
contracting it considerably, so that the engines shall be 

r- 

worked by the alternate expansion and contraction of the 
steam. 

" Lastly, Instead of using water to render the piston or 
other parts of the engines air and steam-tight, I employ 
oils, wax, resinous bodies, fat of animals, quicksilver, and 
other metals, in their fluid state." 

J. Stewart, 1769. 

This engine produced a rotative motion by a chain going 
round a pulley, and also round two barrels furnished with 
ratchet-wheels, with a weight suspended to the free end of 
the chain, which thus served to continue the motion of the 
apparatus during the return of the piston. 

M. Washborough, Bristol, 1778. 

This invention, like the preceding, was intended to com- 
municate a rotatory motion, without the intervention of a 
crank. It had a toothed sector on the end of the working 
beam, acting in a trundle, which, by means of two pinions, 
with ratchet-wheels, produced a rotative motion in the 
same direction by both the ascending and descending stroke 
of the piston; and by shifting the ratchets, the motion 
could be reversed at pleasure. In this engine Mr. Wash- 
borough employed a fly-wheel, which may not unaptly be 
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conndoed a$ a aMgaziDe of power io tbis^ as in enrj odier 

species of macfainery. 



J. Stekd^ Lancashire, 1781. 

This specification was to secure to the patentee the iqppli- 
cation of a crank for prodnciii^ continnoos moticm nearly 
similar to that now in use. 

J. Hornbijower, Penryn, Cornwall^ July 31, 1781. 

The expansive principle of Mr. Watt is in this engine 
employed by means of two cylinders, by the use of which 
the force of the apparatus b more nearly equalised. As, 
however, this invention has been the basis of several im- 
provements of the first magnitude in the introduction of 
double cylinder engines, we subjoin the specification in Mr. 
Homblower's own words. 

^' First, I use two vessels in which the steam is to act, 
and which in other steam engines are called cylinders. Se- 
condly, I employ the steam after it has acted in the first 
vessel to operate a second time in the other, by permitting 
it to expand itself, which I do by connecting the vessels 
tc^ether, and forming proper channels and apertures, 
whereby the steam shall occasionally go in and out of the 
said vessels. Thirdly, I condense the steam, by causing it 
to pass in contact with metallic substances, while water is 
applied to the opposite side. Fourthly, to discharge the 
engine of the water employed to condense the steam, I sus- 
pend a column of water in a tube or vessel constructed for 
that purpose, on the principles of the barometer, the upper 
end having open communication with the steam-vessels, 
and the lower end being immersed in a vessel of water* 
Fifthly, to discharge the air which enters the steam-vessels 
vnth the condensing water or otherwise, I introduce it into 
a separate vessel, whence it is protruded by the admission of 
steam. Sixthly, that the condensed vapour shall not re- 
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inaih in the steam vessel Id which the steam is ccmdensed, 
I collect it into another vessel, which has open commu- 
nication with the steam- vessels, and the water in the mine, 
reservoir, or river. Lastly, in cases where the atmosphere 
is to be employed to act on the piston, I use a piston so 
constructed as to admit steam round its periphery, and in 
contact with the sides of the steam-vessel, thereby to pre- 
vent the external air from passing in between the piston 
and the sides of the steam-vessel. 

J. Watt, Birmingham, March 12, 1782. 

This invention, which is for an improvement on Mr. 
Watt's prior patent, consists principally in an advantageous 
mode of stopping the admission of steam at a given point, 
so that a part of the working stroke is effected by the expan- 
sion of that portion of the elastic vapour which has already 
entered the cylinder. Several very ingenious contrivances 
are also described by Mr. Watt for equalising the motion of 
the piston. The first of these is by a chain acting upon a 
spiral or fusee; secondly, by levers acting unequally upon 
each other ; and, thirdly, by a large weight attached to the 
working-beam at a considerable height above the centre of 
motion. In the last of these methods, when the piston be- 
gins its descent, the weight will oppose itself to the motion 
of the piston, until the descent of the latter have inclined the 
beam so much, that the centre of gravity of the weight is 
perpendicularly over the centre of motion of the beam : the 
weight will then have no effect on the engine; but after it^has 
passed this^position, it must evidently tend to aid the effort 
of the piston to draw up the load of water in the pumps, 
and render its motion equable. 

: J. Watt, Birmingham, June 14, 1786. 

The object of the present invention is to facilitate the 
combustion of smoke by a more equable supply of oxygen. 
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ftod consists in causing the smoke, which is usnaUy emitted 
on a supply of fresh fuel, to pass, together with a current of 
air, through the ignited mass that has already ceased to 
smoke, by which means it will be effectually consumed, 
and converted into heat or flame. This invention is put in 
practice, first, by stopping up every avenue or passage to the 
chimney, except such as are left in the interstices of that 
part of the fuel which is ignited ; secondly, by placing the 
fresh coal above, or nearer to the external air, than that 
which is burning, and already converted into coke or char- 
coal; and, thirdly, by constructing the fire-place in such 
manner, that the fresh atmospheric air which animates the 
fire, and the smoke which proceeds from the firesh fuel, 
must take a downward direction, so as to pass through 
the whole mass of burning fuel to the most remote part of 
the fire-place ; and by this means the whole of its hydrogen, 
azote, and carbonaceous matter is usefully employed. 

T. Burgess, June 9, 1789. 

In Mr. Burgess's apparatus, which was intended to pro- 
duce a rotatory action, a heavy fiy-wheel was set in motion by 
the alternate elevation and depression of the working-beam. 
This was effected by an elastic cord passing round a collar 
on its axis, one end of whibh was connected with the work- 
ing-beam, while the other supported a weight. The move- 
able collar being furnished with a click acting in a ratchet- 
wheel firmly screwed to the fly-arbor. From this it will be 
seen that the elevation of the piston would give a propor- 
tionate impulse to the fly, which could not be impeded by 
its subsequent depression, the moveable ratohet-wheel al- 
lowing the fly to continue its rotative motion. 

Messrs. Bramah and Dickinson, Jan. 15, 1/90. 
For an engine on a rotative principle. 
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J. Sadler^ Oxford, June, 10, 1791, 

The above patent, which Mr. Sadler states in his speci- 
fication to have for its object, the reducing of the consumption 
of coals, and consequently the expense of generating steam, 
appears but little calculated to answer this or any other use- 
ful purpose. Mr. Sadler produced a rotatory motion by a hol- 
low cylinder connected with a boiler, which was driven 
round by the emission of steam from two moveable arms 
turning upon the same axis. 

Francis Thompson, 1793. 

A double-acting engine, for turning machinery by a crank* 
This was effected by employing two cylinders, one inverted 
over the other; both pistons being connected by one rod, 
which passed through the upper end of the inverted cylinder, 
where it was connected with the beam, and thus made a 
double stroke. 

R. Street, Christchurch, Surrey, May 2, 1794. 

J. Strong, Bingham, Nots. May 31, 1796« 

This patent was obtained for improvements in the piston- 
cylinders and valves, none of which were ever generally 
adopted. 

W. Batley, Manchester, June 28, 1796. 

E. Cartwright, Middlesex, Nov. 11, 1797- ^ 

In this engine the condensation is performed by the ap- 
plication of cold to the external surface of the vessel con- 
taining the steam. This is effected by admitting the elastic 
vapour between two metal cylinders, lying one within the 
other, and having cold water flowing through the inner one, 
and surrounding the outer one. By these means a very 
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thin body of steam is exposed to the greatest possible sur- 
face of cold metal. By means of a valve in the piston^ 
there is a constant communication at all times between the 
condenser and the cylinder, either above or below the pis- 
ton, so that whether it ascend or descend, the conden- 
sation is always taking place. This mode of condensation 
also affords an opportunity of substituting alcohol in the 
place of vrater, for working the engine, which could not be 
effected where the injection water mixes with the elastic 
vapour; and by the employment of ardent spirit, Mr. 
Cartwright calculates that a saving of half the fuel usually 
employed might be expected. 

T. RowNTRBB, Blackfnars, May 1, 1 796* 

J. HoRNBLowER, Peniyu, Cornwall, June 8, 1798. 

The rotative engine described in this specification, though 
very ingenious in its construction, is much too complicated 
to be generally adopted. 

J. Dickson, Dockhead, July 14, 1798. 

This engine, like the preceding, has never been employed 
on a large scale, which may be principally attributed to the 
dr-pump and quicksilver, which form an essential part of 
its construction. 

F. Rapozo, Lisbon, Aug. 29. 

G. F. QuEiRoz, Waltham Green, Middlesex, Sept. 1798. 

Mr. Queiroz's improvements consist in diminishing the 
friction, in communicating a circular motion, and in a consi- 
derable alteration in the form of the boiler, by dividing it 
into several compartments, by which a greater surface is 
exposed to the fire than by the ordinary method, and con- 
sequently nK)re steam produced by a given quantity of fuel. 
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J. WiLKiMON, Rotherbithe^ July^ 1799. 

The advantage derivable fipom Mr. Wilkinson's invention, 
consists in a closer application of heat to the bottom of the 
steam boiler: this he effects by constracting it of consi- 
derable lengthy and without any fines ronnd the exterior 
surface. The heat from the flues, passing uniformly -aloi^ 
the bottom, rises up at one end, ,and returning by flues 
passing through the water to the other, opens into the chim- 
ney which carries oflF the smoke. 

M. Murray, Leeds, July 16, 1799. 

With a \iew ta save fuel, Mr. Murray provides the top of 
the boiler with a small cylinder and piston, connected with a 
rack, by means of which the steam within the boiler raises 
up or depresses a damper in the chimney. He is thus 
enabled by the increase or decrease of the steam to keep up 
a due proportioa between the elasticity of the i^pour thus 
generated and the draught of the fire. Mr. Murray's se« 
cond improvement consists in placing the ordinary steam 
cylinder and piston in a horizontal, instead of a vertical 
direction, and by this means a much longer stroke may be 
obtained than in the usual way. He also causes the pistons, 
by their reciprocating motion, to produce a circular motion of 
equal power, and enables the engine to fix the wheels neces- 
sary for producing motion alternately in perpendicular or 
horizcNQtal directions. 

W. MuRDocK, Redruth, Cornwall, Aug. 29, 1799. 

Mr. Murdock describes his improvements under four heads, 
viz. First, a more equable mode of boring the metallic cy- 
linders and pumps by means of an endless screw worked by 
a toothed wheel. Secondly, by simplifying the construc- 
tion of the steam*vessel and steam-case in engines formed 
on Mr. Watt's principle, which he efiects, by casting the 
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steam-case of one entire piece^ to which the cover and bot- 
tom of the working cylinder are attached. He likewise 
casts the cylinder and steam-case in one piece of consi- 
derable thickness^ and bores a cyliudric interstice between 
the steam-case and steam-vessel^ leaving the two cylinders 
attached atone end, and he closes the other by a ring of 
metal. 

Thirdly, be simplifies the construction of the steam- 
valves or r^ulators, in Mr. Watt's double engine, by con- 
necting together the upper and lower valves so as to work 
with one rod or spindle. The steam or tube which con- 
nects them being hollow, serves as an eduction pipe to the 
upper end of the cylinder, and a saving of two valves is 
effected. 

Fourthly, by the assistance of two cogged wheels working 
in an air-tight vessel, a rotative engine of considerable power 
is produced, though from the great difficulty attached to the 
making it air-tight, and the waste of steam in condensation, 
the plan does not appear of much practical utility. 

J. Bishop^ Covent Garden, Sept. 23, 1799. 

This apparatus, which may be considered as a modifica- 
tion of Amonton's fire-wheel, consists of three parts : First, 
a wheel similar to an overshot water-wheel; secondly, a 
large close vessel or case, made of copper or iron, in which the 
wheel is fixed, and which is to work in a vertical direction ; 
and thirdly, an air or steam-pipe and valve, which passes out 
at the top of the close vessel, through a small reservoir of 
cold water, for the purpose of condensation, if necessary. 

Motion is given to the wheel, and to any connecting ma- 
chinery, by the power of ascending steam, in the following 
manner : the close copper vessel in which the vertical wheel 
is fixed, is filled with water above the axle of the wheel. 
The application of fire at the bottom of the vessel will raise 
the steam ; and the steam in its ascent, by entering into and 
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acting upon the bucket of the wheel, will give it a rotatory 
motion, producing a power of about nine pounds for every 
gallon of water employed. A contrivance is also added for 
the production of a vacuum by the means of an air or steam 
pipe, by which a considerable reduction in the expenditure 
of fuel is effected. 

P. Crowther, Newcastle-upon-Tyne, Feb. 28, 1800. 

J. and J. Robertson, Birmingham, Aug. 13, 1800. 

Messrs. Robertson's invention consists in preventing, in a 
great measure, the escape of steam which usually takes 
place even in engines of the best construction by the wear of 
the materials of which the piston is composed, and by an 
apparatus exclusively the invention of the patentees, the 
small portion of elastic fluid that finds a passage during the 
action of the cylinder is employed on another piston^ thus 
augmenting the power of the engine. These desiderata are 
stated to be effected by the use of two steam cylinders, one 
smaller than the other, with pistons fitted to each, and 
whose united action is described in the above specification. 

The patentees have also effected a considerable saving of 
the fuel usually employed, by an improvement which evi- 
dently possesses very considerable advantages. 

The coal is admitted into the furnace by a hopper or mouth- 
piece, so that it may fall into the fire-place above the bars, 
as the fuel is expended. From the upper side of the 
hopper a stream of fresh air rushes downwards on the fire, 
and by the adoption of this plan a large portion of the smoke 
is converted into flame. 

E. Cartwright, St. Mary-le-Bone, Feb. 5, 1801. 

The engine here described was never, we believe, fairly 
tried, at least judging from the simplicity of its parts, capa- 
bility of control, and great portability, it is not too much to 
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suppose, had its merits been better known, it would (with 
some modifications) have come into more general use. 

W. Hasb, Saxthorpe, Norfolk, May 14, 1801. 

After leaving the qylinder in order to be condensed, the 
steam is in this apparatus conducted through a vessel coa- 
taining a number of metal pipes filled with water from the 
condenser. This being surrounded by the steam, imbibes a 
portion of its caloric, while it facilitates the process of con- 
densation. The water thus heated is immediately conveyed 
to the boiler, which is preserved at the boiling point by a 
small addition of caloric. 

M. Murray, Leeds, August 4;, 1801. 

This patent comprises six principal objects: First, by en 
improved air-pump, the gaseous matter is discharged from 
the cylinder without any effort in opening of valves, or 
pressing through a body of water; and it also causes the 
water and air to be discharged separately and by di£ferent 
ways : this is effected by taking out the air alone by a 
bucket, and the water alone by another, or by an eduction- 
pipe twenty-eight feet long. The second principle is an 
improved method of packing the cylinder's lid, stuffing- 
boxes, &c. by bringing the moveable parts of each in im- 
mediate contact ; this is effected by placing the necessary 
packing on the upper side of the cylinder lid, which prevents 
the piston-rod receiving friction from any oblique pressure, 
by the lid being screwed down more upon one side than the 
other. 

The two next improvements relate to the construction 
and circular motion of the valves, the uppermost two being 
inverted ; and the valve-rods are made to pass through the 
reservoirs of oil, or other fluid matter, which effectually pre- 
vents the air from insinuating itself into the engine. 

The next principle is a new method of connecting the 
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piston-rod to the 'paralld-motion ; and tbe last tdates to the 
construction of fire-places, by which the smoke arising from 
the fire is consumed, and made part of the fuel ; on this 
latter bead, however, Messrs. Brunton, Parkes, and Losh, 
have made considerable improvements, so much so, indeed, 
as to supersede the application of this clause in Mr. Mur- ' 
ray's patent.* 

J. Bramah, Pimlico, Nov. 28, 1801. 

In this engine Mr. Bramah employed a four-passaged cock 
for the emission of steam from the boiler, which in this 
case is made to enter into a hollow at the large end of the 
cone of the cock, and to pass away to the condenser by a 
passage at the smaller end of the cone of the cock. By 
this means the metallic fitting is always rendered perfect, 
the plug being pressed into its seat by the force of the 
steam, acting upon a surface equal to the small end of the 
cock, firom which the pressure is relieved. Mr. Bramah^ 
also, makes his four«way cock turn continually in the same 
direction, by which means the same efiects are produced as 
by turning it backwards and f(»:wards, but the wear is ren- 
dered more equable. 

W. Symington, Kinnaird, Stirlingshire, Oct. 14, 1801. 

For a rotatory and other motions, without the interposition 
of a lever or beam. 

J. Sharper, Bath, Jan. 28, 1802. 

R. Trevithick and A. Vivian, Camborne, Cornwall, 

March 24, 1802. 

The high-pressure engines of Messrs. Trevithick and Vi- 

* This patent was, we believe, set aside ]l>y a writ of scire facias instituted 
by his Majesty's Attorney General, at the instance of Messrs. Boalton and 
Watt, who had previously practised tome things contained in Mr. Murray's spe- 
cification. / 
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rian, were expressly intended for the propellii^ of carriages 
npon nul roads. When employed for this purpose the boiler 
was composed of cast iron of a cylindrical form. This was 
mounted horizontally upon four wheels, the cylinder of the 
engine being placed vertically in the &aA. Two connecting 
rods, descending from the cross bar of the piston, were 
then made to communicate motion to the wheels by means 
of a crank ; no fly-wheel being necessary, the momentum 
of the carriage carrying the cranks past the lines of the 
centre. 

M. Murray, Leeds, Yorkshire, June 28, 1802. 

This patent, which was for a portable engine, combining 
some of the most useful of Messrs. Boulton and Watt's 
inventions, was at their instance repealed in the following 
year. 

T. Saint, Bristol, Dec. 21, 1802. 

The principle of this invention may be thus described: 
at the bottom of the boiler an opening is made nearly as 
laige as the flue ; on this opening is fixed a tube, through 
which a communication takes place between that part of 
the fire-place in which the flame rises or circulates, and the 
interior space of the boiler in which steam is produced for 
the supply of the engine. This aperture may remain open, 
but Mr. Saint recommends the application of a safety-valve 
so placed that no part of the heated air contained within the 
boiler shall be permitted to escape through the opening, but 
that the flame from the furnace may be admitted as often as 
a reduction in the elasticity of the compound steam will ad- 
mit. 

M. BiLLiNGSLEY, Dcc. 22, 1802. 

The usual mode of perforating and finishing cylinders, 
through the agency of an horizontal apparatus impelling the 



borer iu & vertical directioD^is upon many accotints iuoon- 
VeDienty the sand and borings occupying one side of the cy-> 
linder^ and wearing away the edges of the cutter. By the 
application of Mr^ Billingsley's apparatus, this process is re- 
tersed by causing the borer to revolve in an horizontal durec- 
tion, and thus allowing the sand &c. to fall freely to.the lower 
opening in the cylinder. In this method, the finishing part 
of the cutter is employed upon a clean face of metal, and 
hot being encumbered with the cuttipgs, the borer g6es 
completely through, without any attention being necessary. 

J* Leach, Merton Abbey, April 7, 1803. 

A. Wt^oLF, Wood Street, l^pafields, July 29, 1803. 

An account of the above patent for an improved mode of 
converting water or other fluids into steam, will be found 
prefixed to the description of Mr. Woolf's engine. 

B. DoNKiN, Dartford, August 3, 1803. 

A rotatory motioi^ is here produced by the application of 
6teani below the surface of a vessel of water, containing a 
bucket- wh6el, the elastic fluid acting upon each bucket in 
succession. These, when filled with ahd rendered buoyant by 
the steam, will ascend with considerable f6rce, carrying with 
them any other moveable apparatus to which they may be 
attached. 

* 

W. Freemantle, Hoxton, Nov. 17, 1803. 

The first improvement described by Mr. Freemantle in 
this specification, consists in making the steam cylinder or 
Cylinders in such a manner that the diameter of the bore 
shall be about equal to the length of the stroke, by which 
means the friction will be considerably reduced. 

Another part of Mr. Freemantle's invention is an universal 

* B 
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circdlar vvXxej which, when the engine is at work, vibratesf 
Gtk its axis forty^fire degrees each way, and by its alternate 
oscillations adoHts the steam uniformly above and below the 
piston. When the steam is admitted into the top of the 
cylinder, the bottom commmiicates with the condenser ; and 
vice versa. 

When the steam is only applied to the bottom of the 
piston, as in the atmospheric engine^ two steam cylinders are 
to be employed' instead of one, and by this means the force 
of the engine is so nearly equalized as to act with a much 
smaller fly than is usually employed. In the latter case, 
however, the pistons of the cylinders are made to act on the 
two arms of a crank, placed at right angles to each other ; 
and the valve is not to vibrate but revolve on its axis, making 
one turn to each stroke of the engine.^ 

The parallel motion employed in Mr, Preemantle's en-^ 
gine is ne^t described v this he effects by the application of a 
compound levef. 

Another improvement is id the cold-Water pump ; this 
consists in placing an air- vessel so as to communicate with 
the ascending column of water immediately below the 
lower valve of the pump. Now it is evident, that before 
water can be raised into the barrel, a partial vacuum will be 
formed in the air-vessel, the amount of which will depend on 
the height of the vessel above the surface of the water in the 
well. In pumps of the ordinary construction it sometimes 
happens, that the velocity of the piston exceeds that of the 
water : hence a violent concussion is produced highly detri- 
mental to the pump and connecting apparatus; this is pre- 
vented by the adoption of Mr. Freemantle's improvement; 
for, instead of a vacuum being formed below the piston, air 
will be extracted from the air-vessel ; and, as the piston de- 
scends, the pressure of the air on the surfiace of the water in 
the well not being count;erbalanced, will continue to rise, in 
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the vessel till the equilibtiiitn is restored; and when the 
piston ascends again, the barrel will not only be supplied by 
the pipe, bat also by the air-vessel. 

R. WiLLcux, Bristol, April 30, 1804. 

iThe improvement for which this patent is taken out, con-* 
sists in lessening the consumption of fuel by the application 
of vapour in a high state of elasticity ; and in an addition ta 
the chimney flue of a furnace, by which the descent' of the 
smoke and heated matter to a lower level than that of the 
fire-place is regulated and adjusted at pleasure. 

As the caloric which escapes by the chimney in varioua 
manufactories is very considerable, and, according to Mr. 
Willcox, more than sufficient jto work an ordinary steam en-* 
gine by condensation, he finds it most advisable to load the 
safety valve, and construct the engine of the requisite strength 
to bear an elastic action of from fifteen to one hundred and. 
fifty pounds on the inch ; and in this manner the machine is 
worked by its elasticity only. By this application of the steam, 
the patentee states that the power of a four-inch cylinder 
may be made to equal that of one twelve times its diameter. 

Among the advantages derivable from the use of this en-, 
giiie, it is said th^t the constant, heat of the cylinder and 
the pipe that leads to it, which can never come in contact: 
with the cold water, and the increasing heat of the water in 
the cylmder, which soon acquires « high temperature, and 
then continues its place, by its diminished specific gravity,, 
must tend in the highest degree to prevent a wasteful con-, 
densation of steam. 

 . • 

A. WooLF, Wood Street, Spafields, June 7r 1804. 

This engine is in many respects similar to Mr. Horn* 
blower'^, with the addition of employing steam of a high 

*b2 
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pressure, and in proportioning the eapacities of the tiro cy- 
linders to the increased ^paiisibility Of the elastic flaid^ ac- 
cording to his table. Mr. Woolf, in his s|>ecificatlon^ states 
that he has ascertained by actual experiment that steam 
acting With the expansive force of four pounds upon the 
square inbfa, against the safety valve, exposed also to the 
weight of the atmosphere, is capable of expanding itself to 
four times the volume it then occupies, and would still be 
equal to the pressure of the atmosphere ; so, in like manner^ 
quantities of steam of six, seven, eight, &c. pounds the 
square inch, can expand themselves to six, seven, or eight times 
their volume, and still be equal io the atmosphere, or capa- 
ble of producing a sufficient action against the piston of a 
steam engine, to produce the upward action in Newcomen^s 
atmospheric engine. 

An engine constructed on Mr. Woolf *s plan, must have two 
steam vessels of different dimensions, according to the tern-* 
perature, or expansive force, to be coinmunicated to the 
steam. Each steam vessel should be furnished with a piston, 
fitdng air-tight, and the smaller cylinders should have a 
communication both at top and bottonnr tilth the boiler which 
supplies the steam, capable of being opened and shut during 
the working of the engine. The top of the small cylinder 
having a communication with' the bottom of the larger cylin- 
der, and the bottom of thesmaller with the top of the larger, 
With proper meetns td open and - shut these alternately by 
means of cocks and valves.- A communication should also 
be formed by thie same means between the larger cylinder 
and a condensing vessel, into which a jet of water is ad* 
mitted to render the condensation more complete. 

When the engine is at wbt'k, steai^i of high temperature is 
admitted from the.boiler, to act byiits elaistic force on one 
side of the smaller piston, while this steam which bad last 
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iDOvied tt lias a eammuQicatioii • with the larger steam vessel^ 
now moving towards that end of its cylinder which is open 
to the condensing vessel. 

If both pistons end their stroke at one time, and both are 
placed at the top of their respective cylinders, ready to. dci- 
scend, then the steam entering above the smaller piston will 
carry it doitnwards ; while the steam below it, instead of 
being allowed to escape into the atmosphere, will pass into 
the larger cylinder above its piston, which will take its down* 
ward stroke at the same time with the piston of the smaller 
cylinder. Both pistons having thus readhed the bottom of 
their respective cylinders, the steam is to be shut off from 
the top and admitted to the bottom of the smaller cylinder,- 
and the communication opened between the top of the 
smaller and the bottom of the larger' cylinder; the steam 
which, in the downward stroke of the engine, filled the 
larger cylinder, being now open to the condenser, and the 
communication between the bottom of the larger cylinder 
and the condenser shut off, and so alternately admitting the 
steam to the different sides of the smaller piston, while the 
i&team last admitted into the smaller cylinder passes alter*- 
nately to the different sides of the larger piston, the top and 
bottom of which are made to communicate alternately with 
the condenser. 

J. Rider, Belfaat, March 26, 1805, 

The improvements described in this specification consist, 
first, in lining the steam-cylinder with a soft metal, similar 
to pewter, of a sufficient thickness to admit of finishing its 
inner surface by draw-boring, &c. ; secondly, in applying a 
hollow piston-rod, answering the purpose of an eduction- 
pipe ; and thirdly, in the order of opening and shutting the 
valves. The last and most important part, however, of 
Mr, Rider's invention requires a more particular descripticn. 
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Upon an horizontal arbor, which ibay biC denominated the 
main arbor, are placed three wheels, a drum or barrel, and a 
pinion : one of these wheels, that is. to say the main wheel, is 
fitted by means of a socket upon the main arbor, so as to 
revoire upon it^ axis, and has teeth both upon the exterior 
. and interior periphery of its rim.. Within the circle of the 
interior cogs of this wheel a pinion is fixed to the arbor, its 
diameter being one-third of the interior diameter of the 
mdin wheel. The moveable barrel turns freely upon the 
main arbor, ^nd it carries a cord, with a weight hanging at 
its end similar to a clock-weight. Besides this the ends of 
the barrel are pierced with two orifices, each at about half 
the exterior radiua of the main wheel from the arbor ; these 
apertures serving as pivot-holes, wherein an arbor turns, 
carrying a wheel, of which the diameter and number of 
teeth are equal tp thoge of the pinion : the latter wheel may 
be called the barrel-pinion ; its teeth work in the teeth of 
the pinion, and also in the interior teeth of the main wheel. 
By these means the barrel may be turned round upon the 
main arbor, while the arbor itself is turned by the pinion. 
The exterior teeth of the main wheel turn the pinion of a 
scapement-wheel and pallets. Near one end of the main 
arbor there is a ratchet-wheel and click ; and near the other 
end a wheel, which is acted upon by an endless 3prew upon 
fin horizontal shaft, worked by the usual motion of the en- 
gine. This arrangement serves to regulate the rate of the 
engine's motion ; for the turning of the wormrwheel, last 
described, causes the weight to be raised which hangs to the 
cord winding upon tlie barrel ; and this vi^ight is connected 

to one end of a lever, the other end of which is attached to 

• 

the steam valve> so that its elevation depends upon the 
height to which the weight is raised. The aperture of this 
valve 13 formed like an inverted cone ; and while this valve 
•buts apd opens twice ^t every stroke, the leveir dp^s not 
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prevent 48Qch opening €^d shutting, hitt merely limits the 
extent of the opening by the action of a rod connected with 
it; so that when the weight is highest, the valve is least 
opened, and vice versa. Little power is lost by these means, 
and the speed of the engine can be accurately regulated by 
adjusting the length of the pendulum to Xhe arrajigeoicut of 
J;eeth in the yvheels ^nd piniopj^^ 

J. HoR^BLowosR, Penryn, March 26, 1805« 

This steam wheel which differs considerably from Mr. Horn- 
blower's prior patent for a rotatory motion, consists of three 
principal parts t The external circular case, which is shaped 
like a globe, from which about forty degrees are cut oflF at 
each pole; secondly, a partition which divides the case into 
two parts transversely in the plane of its axis ; and thirdly, 
the moveable or circulating parts which are analogous to the 
piston in the common steam engine. To form an idea of 
these last, we must conceive an hollow nave attached to an 
horizontal axle, which nave is pierced with two pair of cir- 
cular holes on its cylindrical surface, each pair corresponding 
at opposite sides to each other; through these holes. pass 
radii, moveable round their own a^is for one-half a circuit, 
to which are attached flat quadrants, placed so that the 
planes of those at opposite sides of the pave should be at 
right angles to each other. By this arrangement, when one 
of them is placed so that its plane shall be at right angles to 
the axis of the nave, the plane of the other will coincide with 
that of the axis. In the partition which forms the second 
principal part of the engine, are two cavities at opposite 
sides of the centre, one of which corresponds exactly to the 
j^hape of the greatest surface of the quadrant 5 the other is 
much smaller, and only admits the quadrant edgeways ; 
these cavities are continued in a sort of case of the same 
shape, for one-fourth of the circlef on each side, by which 
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means there are always two of the quadrants, or the greatest 
part of them^ working in each cavity at the same time. 
The quadrants are made hollow so as to admit of their being 
stuffed at their edges, as is also the recess in wl^ich they 
pirculale. 

From this it will be seen that the external circular case 
Is divided by the partition and the quadrantular pistons into 
two separate chambers, each steam tightj into one of these 
chambers a pipe is conveyed from the boiler, and from the 
other chamber another pipe communicates with the condenr 
ser ; now as the quadrant which occupies the greater cavity of 
the partition opposes a much greater surface to the pressure of 
the steam than that which lies edgeways in the smaller cavity, 
it will be forced forward towards the cold chamber, in 
which, when it is arrived, it meets a sipping block so shaped, 
that in passing it it is turned round one quarter, or so as to 
be at right angles to its former position, and thus enters the 
smaller cavities edgeways, while by the same movement the 
.opposite quadrant is turned flat across the entrance of the 
larger cavity of the partition, and on entering it is impelled 
in its turn by the steam, as before described. The axis, or 
arbor, on which the nave is fixed, which sustains the quad- 
rants^ passes through the outer case in an horizontal direc- 
tion, and to its extremities are to be fixed those wheels 
which are^to give motion to the machinery required to be 
worked by the steam-wheel. The outer case is fixed in a 
vertical position, and has a flat plate cast at the part iur 
tended to be lowest, by which it may be bolted to' the floor 
of the building in which it is erected. It is formed so as to 
separate into thi*ee horizontal sections, the middle one of 
which is for the purpose of admitting and properly fastening 
the partition with its stuffing boxes; the upper section 
serves as a lid, and all are sfscured to each other by flanchps 
and screws. 
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W. Ea^, Liverpool^ March 26, 18D5, 

J. C. SxEvros, May 31, 1805. 

This patent is for a high-pressure boiler, resembling Mr. 
Woolf 's ; it may be thus described. Suppose a plate- of 
brass, of one foot square, in which a number of holes are 
perforated, into each of which is fixed one end of a copper 
tube, an inch in diameter, and two feet long, and the other 
end of the tube inserted in like manner into a similar piece 
of brass : these are to be enclosed at each end of the pipes 
]by a strong cap of metal sp as to leave a small space between 
the plate and cap. The necessary supply of water is then 
to be injected by means of a forcing pump communicating 
with one of the caps, while the steam is conveyed from 
the other to the required point. 

A. Brodib, May 31, 1805, 

The cast-iron boiler invented by Mr. Brodie, may be con- 
structed of any dimensions^ and the iron plates of which it is 
composed are made with flanges of the required size, and 
put together with rivets and screws. To prevent the boiler 
gi^ng way by the force of elastic vapour, it is strengthened 
by wrought-iron stays, and the vessel thus made is supported 
by iron legs, so that the fire is allowed to communicate with 
the whole of its lower area without being connected with 
the brick work with which it is usually surrounded. 

James Boaz, Glasgow, July 2, 1805. 

This patent is for an improvement on Savery's engine, 
which Mr. Boaz effects by separating the steam from the 
water to be raised. For this purpose he employs a floating 
^ piston upon Papin's plan, and such an arrangement of the 
forcing pipes that the repellent force of the steam is always 
acting upon the same body of water. 



26 jippendis. 

A. WooLi?, Spafields, July 2, 1805."' 

To prevent the danger attendant on the use of Mr, 
Woolf's high-pressure engine^ he in this patent recom- 
mends the use of oil^ or the fat of animals placed in the 
receptacle, which in his former patent contained steam of 
great elasticity. The vessel employed to contiun these 
fluids forms a complete case or envelope to the working cy- 
linder, so that the whole is maintained at one uniform tem- 
perature, which is to be kept pp by a fire under or round 
the receptacle. By this arrangement, the necessity of em- 
ploying steam of a great expansive forc^ is obviated, and 
steam of a comparatively low temperature will produce all 
the effects that can be obtained from steam of a high tem- 
perature, without any of the risk with which the produc- 
tion of the latter is accompanied. He also proposes a 
method of preventing the passage of any of the steam from 
that side of the piston which is acted upon by (he steam, to 
the other side which is ope^ to the coriden^er. In the 
double-action steam engines he effects this by employing, 
upon or about the piston, a column of mercury of an alti- 
tude equal to the pressure of the steam. In working t)ie 
single engine, a less considerable altitude of metal is re- 
quired, because the steam always acts on the upper $ide of 
the piston ; and in this case oil, or the fat of animals, will an-r 
swer the purpose sufficiently well, and at much l^ss cosj;. 

W. Deverkll, Blackwall, August 2, 1805. 

This specification describes an improved construction of 
the fire-place, an improvement in the cold water pump, and 
a saving in the method of applying the steam. The prin- 
cipal of these is that of connecting the steam-boiler with 
three iron cylinders, filled with water instead of placing it oq 
brick work. In describing the peculiar advantages r^ulting 
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from this part of the inrentlpn, Mr. Deverell gays, ^^ In the 
present mode of setting boilers, the brick work underneath 
them is attended with frequent repairs, owing to the action 
of the fire upon them i nor Ls this expense the only incon- 
venience ; the whole concern is, for the time that they are 
repairing, completely stopped/' These inconveniences Mr. 
Deverell proposes to remedy by the adoption of metallic 
supports for the boiler. 

As a more economical mode of applying the steam, Mr. 
Deverell, like Mr. Woolf, proposes to have two working cylin- 
ders placed near to one another, each having a pipe of com- 
munication, with a large vessel in which the steam, after pass- 
ing from the small cylinder, is suffered to expand itself before 
entering the large cylinder. The pistonsln the two cylinders 
work alternately up and down by means of valves or cocks, 
opening and shutting as in the common engine. Suppose 
the small piston ha^ made a stroke, and a passage is opened 
to the steam vessel at the end of the stroke ; at first begin- 
ning to work the, engine the vessel will be full of steam of 
about eighteen pounds pressure, admitted from the boiler, 
but afterwards will only be supplied by the steam thrown in 
from the small cylinder. If the steam in the boiler be of 
forty-four pounds pressure per square inch, the ratio of the 
two working cylinders may be as one to three, for then 
the smaller one will supply the larger with steam of about 
eighteen pounds pressure. 

The improvements thus effected consist in a saving of the 
pressure of the atmosphere, and in the steam which would 
otherwise be discharged and useless going from the smaller 
working cylinder to the steam vessel, and from thence to the 
larger working cylinder, from which it is afterwards drawn 
off and condensed. 
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S; MiLLBR^ Oresse Street^ St. Pancras^ Oct. 80, 160&. 

J. Teotter, Soho Square, Nov. 14, 1805. 

  • • 

A. Flint, Northampton Street Nov, 16, 1805,, 

This engine, which may be used either as an hydraulic ma^ 
chine, and impelled by a continuous stream of water, or as a 
rotative steam-engine, consists of two hollow cylinders, one of 
which is so much smaller than the other that it may lie within 
it. They are both to be turned true, and placed concentrically: 
they are also furnished with flat steam-tight tops and botr 
toms, either cast with them, or fastened by screws* Th^ 
inner cylinder has a partition in its middle parallel to its topi 
It revolves within the outer cylinder, and has a pipe passing 
through the centre of its top and that of the outer cylinder^ 
from its upper division, in the latter of which tops it is 
made steam-tight by stuffing boxes. This pipe commu« 
nicates with another, that passes to the boiler,, having the 
parts in contact with it also made steam-tight so as to admit 
of its circular motion. Another pipe, in a similar manner^ 
passes from the lower division of the inner cylinder through 
the bottom of the outer cylinder, to form a connection with 
the condenser. 

From the side of the inner cylinder projects a piece similar 
to a piston, which fills the section of the cavity in the line of 
the radius, between the two cylinders : this rectangular 
piston is so contrived, that it may be stuffed round the 
edges and be made steam-tight. 

The outer cylinder has two semi-cylindrical cavities cast in 
its sides opposite to each other, with their open parts turned 
inwards ; each of which is of sufficient size to admit within it 
a portion of a smaller cylinder, which is placed upright be-, 
tween the two large cylinders. In these spaces are placed 
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outer cylinder to admit the piston to pass by tbetn. These 
valves consist each of the segment of a cylinder of the 
height of the inner cylinder, connected with a circular top 
and bottom^ turning on centres; and an axte from each 
passes through the top -of the outer cyliiider^ through steam-^ 
tight joints^ by tvhich it may be turned round from without. 
At one side of the pistoii a perforation is made into the 
upper cavity of the inner cylinder to admit the steani ; arid 
at the other side of the piston a similar perforation is made 
into the lower cavity of the inner cyliuder to form a com- 
munication with the condenser. An arm also projects from 
the revolving steam-pipe, which as it moves round striked 
against oth^r arms projecting from the axles of the valves^ 
and opejos them in succession, while connecting rods passing 
between the armi^ of the valves and other arms, are so ar- 
ranged as to close one valve when the other is opened. The 
steam being now admitted will pass on from the steam-pipe 
through the upper cavity in the inner cylinder, to the space 
intercepted between the two large cylinders, the shut valve^ 
and the piston, and will impel the piston round till it has 
passed the open valve ; after which the revrolving arm before 
mentioned closes the open valve, and opens the shut valine, 
which operation is successively repeated. In the mean time 
the confined steam enclosed in the space first mentioned, 
escapes at the opening of the valve into the lower cavity of 
the inner cylinder, and from thence to the condenser, and 
thus maintains that inequality of pressure at the opposite 
sides of the piston which causes it to revolve. 

R. W11.LCOX, Lambeth, May 21, J806. 

. Mr. Willcox's improved steam engine consists of an outer 
fixed cylinder, and an inner revolving one, each furnished 
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wkfa pallctd OF cocks, which in passing each other are mored 
so as to recede fi'om each other's way ; but in other parts of 
the cii'cle they project so as to traverse the space between 
the two cylinders^ and form ^team-tight partitidnsy one of 
which being fixed^ and the other moveable^ the steam forces 
the latter round, and with it the moveable cylinder, the a^tis 
of which gives, motion to the machinery for which the en- 
gine is erected. On one side of the ^xed pallet is a valve, 
which by a pipe communicates with the boiler, and on the 
other side is placed a second valve which leads to the con- 
denser. The ends of the cylinders are giade steam-ti^ht by 
rings which press the packing against them ; and the edges 
of the pallets are made steam-tight by the intervention of a 
hempen cloth. That part of the surface of the oock which 
comes in contact with the revolving cylinder, has a groove 
cut down it, into which a piece of . metal is fitted, that is 
pressed against the cylinder by screws, so as to come in 
close contact with the revolving cylinder* In cases where 
this engine is employed to raise or give motion to any fluid 
introduced within its interior chamber, the -effects produced 
will be similar to those of a lifting or forcing pump,. and it is 
likewise applicable to all engines which operate by giving 
motion to fluids. 

R. DoDD, Change Alley, London, June 6, 1866. 

W. Nicholson, Soho Square, Nov. 22, 1806- 
The method in which steam is directed to be applied in 

» 

the specification of this patent, is similar to that in which 
water acts in the ancient instrument called the water-blast, 
and in the same manner will impel forward air, or any other 
gaseous substance, in contact with the perforations of the 
tube through which it passes. The apparatus employed by 



Mr. NicholsoQ consists of .a boiler^ from the top of which a 
horizontal tube passes in a direction perpendicularly over the 
centre of an air receptacle, when it bends downwards for a 
small distance, that the current of steam proceeding from k, 
may enter a vertical pipe beneath it, the lower end of which 
passes a little way underneath the water, with which the air 
receptacle is about half filled. The use of the water in the 
air receptacle is by condensing the steam to separate it from 
the air, so that the latter may pass on freer from any aqueous 
mixture than it otherwise would. A way is described of ap- 
plying this operation of steam, in forcing air forward, to aid 
the water-blast, in which the water is made to pass through 
the side apertures of the descending pipe from an external 
vessel, while the air pressed forward by the steam, passes 
down a pipe which enters a small way into the upper part 
of the same descending pipe. 

H. Maupslay, Margaret Street, Cavendish Square, 

June 13, I8O7. 

These improvements, as will be seen by reference to the 
plate and description, consist in reducing the number of 
parts in the common steam engine, and so arranging and 
connecting them as to render it more compact and portable. 
This is effected by employing metallic frames^ beams, &c. 
instead of wood, brick-work, and other materials usually ap- 
plied to that purpose. 

T. Preston, Tooley Street, Borough, Jan. 26, 1808. 
A new method of setting boilers. 

T. Smith, Bilston, Staffordshire, June 3, 1808. 

T. Price, Bilston, Aug. 24, 1808. 
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T* Mbad^ Yorkshire, Aug. 24, IfiOS. 

This patent is for a rotative engine, and the inventor 
employs two moveable pistons which alternately revdlve 
round their axes or centres* To effect this, two circular 
plates or shells of metal are made similar in their construc- 
tion, each of which has a iianch and a semi-circular cavity 
formed for (he reception of the pistons. A hollow part 
is also formed round the centre of each for a small cir- 
cular plate to turn in^ and near the edge of this recess 
a small groove is made containing the requisite packing wad- 
ding, &c. On the outside of each of the metallic shells 
there is a hollow pipe or boss for the reception of two spin* 
dies that pas^ through them. Two holes are also made 
through one of the plates for the insertion of pipes, one for 
the purpose of conveying steam into the shells, and the other 
for conducting it from them into a condenser. One of the 
shafts or spindles is made hollow, to permit the other to pass 
through it- To the lower part of each of these shafts a pis- 
ton is fixed ; and each has also attached to its upper part an 
arm with a friction-wheel near its outer extremity. When the 
pistons are put in motion the friction-wheels work in, and 
communicate motion to the fly, and other appai*atus to be 
impelled. 

J. P. Fbsenmbyer, St. Clement Danes, June 15, 1809. 

E. Lane, Shelton, Staffordshire, Aug, 9, 1809. 

W. C. English, Twickenham, Nov. 28, 1809. 

W. Noble, Battersea, Dec. 14, 1809, 

S. Clbgg, Manchester, July, 26, 1809. 
For a rotative engine, the piston of which makes a complete 
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revolution in a channel at a distance from Xh& centre of mo- 
tion. Although this apparatus is exempt from some portion 
of the friction inherent in engines on the rotative construction, 
it still remains more considerable than Mr. Clegg seems to 
suppose. The difficulty also of making such an extent of 
surface air-tight, and the liability of some of its parts to de- 
rangement, appear great drawbacks upon its utiBty, 

R. Witty, Kingston-upon-HuU, Feb. 12, 1810. 

This invention consists in making, arranging, and com - 
bining the reciprocating rectilinear motion with the rotative 
in such a manner that the steam-cylinders, with pistons 
moving in them in a rectilineal direction, do at the same time 
turn upon u horizontal axle or shaft. To effect this the pa- 
tentee employs four cylinders fixed at right angles to each 
other on a hollow nave or axle, by means of screw-bolts ; and 
the pistons working in these cylinders are made tight at their 
extreme ends by the usual packing. These pistons, which 
are firmly connected together in pairs, by reciprocating rods, 
must be made of such a weight, that a vacuum in one of the 
cylinders may easily raise them both together in a perpendi- 
cular direction. An axle which is fixed horizontally is ground 
air-tight into the hollow nave, like the key of a cock, with 
two ducts or tubes in it;, one of these tubes is placed at thtv 
upper side of the axle, and is connected with the steam-pipe; 
the other is fixed on the opposite side, and joined to the 
pipe that leads to the condenser. Each cylinder is made to 
communicate through the hollow shaft where the two ducts in 
the fixed axle (which resemble two water ways in a cock) 
correspond with each other, and at each half revolution the 
holes in the bottom of the cylinders open alternately into 
these two ducts. The hollow shaft must be made of sufficienl^ 
length on each side of the wheel to admit of being supported 
in brass pivot holes. The cylinders and pistons being thus ar- 

,*c 
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ranged, and due- pair of them being neatly in a vertical 
pHosition, if the steam be admitted into the npper cylin- 
der by the proper doct, its expansive force will raise 
this piur of pistons, and thus destroy the eqdilibrium of the 
wheel, producing a rotatory motion. In revolving, each of 
tbe cylinders will be filled with steam from the upper duct, 
and discharged when they descend to the lower one. Thus 
after the cylinder has cleared itself of air at the commence- 
ment of its operation, the lower cylinder will be under a va- 
cuum, while the upper one connected with it, will be receiv- 
ing steam from the boiler. Hence the pistons will evidently 
be constantly receding from the centre on one side of the 
wheel, and approaching the centre on the other, thus ipro^ 
dncing a continuous motion. 

A. WooLF, Lambeth, June 9, 1810* 

The working cylinder for this engine has no bottom, tbutitf 
enclosed in another cylinder of such dimensions, that the 
qmce between the two is equal, at least, to the contents of 
the working cylinder, the lower rim of which is about the 
same distance from the bottom of the enclosing cylinder a» 
the sides of the two cylinders are apart 
: Into the enclosing cylinder such a quantity of oil or fat \s 
put, as shall, when the piston is at its greatest height in the 
working cylinder, fill all the space beneath it, »id also fill the 
enclosing vessel to the height of a few inches above the lower 
rim of the working cylinder. A small quantity of oil is aka 
pouted in above the piston. If the engine is to be open: to 
the atmosphere, the enclosing vessel has a communication 
with the boiler above, which, when opened, causes the oil or 
fat to ascend beneath the piston as it rises; and when the pas- 
sage to the boiler is closed, and that to the condenser opened, 
the pressure of the atmosphere forces the oil back again into 
the enclosing vesseL- In a closed or double engine, the com- 
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hitinicf(tioti6 from tlie boiler lind condehser are tb be tof the 
topi of the workiug cylinder, jatid to the' bottdm of the endo • 
ding vessel; lii the 6veftt of evaporatiott, means are to b6 
provided by cocks^ or valvesf, and a spring-pump, to fceep 
the oil at a due height over the piston. By thus int^rposhig 
oil between the piston and steam, both above and beneath,' 
a considerable having of steam, and consequently of fuel/ is 
effected: 

R* Witty, Kingston-uiJon-Hull, Oct. 30, 181 J; 

This specification describes several improvements dn a prior 
patent obtained by Mr. Witty. They consist principally ih 
making the piston dralvv or force round the rhachinery td be 
worked by it, whilst itself moves both in a rectilinear and 
rotatory direction in a cylinder of* steami- vessel, which also 
revolved upon an axis; 

To admit the action of the steam, and of the condenser, in 
the revolving cylinder^ its axis is bored lengthways in twd 
places, so as to form two passages, each of which communi-^ 
eates bjr lateffal pipes with the end of the cylinder opposite! 
ib thfe side of the as^is in which it lies ; the extremity of this 
perforated axis is formed of a conical shape, and turns in a 
box made to fit it^ in the same manner that the reVolving 
part of a common cock turns in its barrel; Frdm th^ upptt* 
part of this box a pipe passes to the Steam-boilfery and ffom 
tho lower part another pipe proceeds to the condenser, and 
lateral apertures are made thr-ough the sides of the axle to 
the two passages within it, whichj as the axle turns, alter- 
nately communicate with the steam-pij>e and the pipe of the 
condenser in the box, in the same manner as a two-way cock 
is made to act; 

Several principles are mentioned by the patentee, on which 

the cylinder prepared as.above, can force itself round ; which 

. are all of the nature of crank or cardioid motions. The first 

*c2 
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of these principles stated hf the patentee eSects a rotatory 
movement by the action of a moring groove on a fixed cen- 
tre ; which groove is placed at right angles to the cylinder^ 
in a frame that is connected with piston-rods proceeding from 
the opposite ends of the cylinder, and of coarse partakes of 
tteir altematii^ motion. Another principle consists in the 
operation of the ends of piston-rods, proceeding from the 
opposite extremities of the cylinder, on the outside of the rim 
of a large wheel, whose centre is placed at the distance of 
about half the stroke of the piston from the axis of the cylin- 
der. The rim of the wheel projects so as to extend to the 
line of the piston-rods, which are bent roond to support fric- 
tion wheds ootside it, that alternately come in contact with 
steps on the rim, and by them force round the wheels by a 
motion similar to that which levers would cause, when made 
to press alternately on the outside of a heart-wheel. 

C. Broderip, Great Poland Street, Nov. 2, 181 1 . 

iC W. Fox and J. Lean, Budock, near .Falmouth, Dec. 10. 

1812. 

The two principles on which the patentees profess to have 
founded their improvements upon furnaces, are. First, That 
an artificial blast will produce an equal quantity of heat with 
one- fourth less fuel than the usual open draught; and. Se- 
condly, That the separation of that part of the boiler, which 
18 immediately over the fire, will permit steam of a higher 
temperature to be collected, which might be advantageously 
applied in its passage to a lower temperature. In this con- 
struction the air for the consumption of the fuel is not per- 
mitted to enter the lower parts of the fire-place in the usual 
jy^y, but is injected or forced through openmgs by machinery 
attached to the steam engine 



W. Chapman^ Murton House^ Durham, Dec. 30^ 1812. 

In this patent a moveable chain is employed to impjel car* 
riages upon a plain road instead of the crank .usually applied 
to the carriage wheel. Mr. Chapman also employs an addi- 
tional number of wheels for the support of the carriage, by 
which means a considerable saving in the cost of the rail^way 
jis effected^ 

W. Brunton, Butterlcy, Derbyshire, May 22, 1813. 

The pedestrian apparatus or walking machine described by 
Mr. Brunton, is constructed to obviate the necessity of em- 
ploying an iron rail or carriage way. This he attempts to 
effect by the use of metal legs occasionally raised and de- 
pressed by the power of a steam engine similar to the motion 
of the human frame, when in the act of walking. That this 
Jiowever is not considered sufficient, even by the patentee^ 
Vfe have abundant proof, and the specification contains a de-^ 
scription of various modes of connecting the machine witK aii 
indented rail, &c. any of which are in the full as expensive 
as the commop cogged wheel and tooth track road employed 
\>y Mr. Blenkinsop. 

R. DuNKiN, Penzance, Jan. 30, 1813, . 
For lessening the consumption of steam and fuel, 

R. Witty, Kingston- upon-HuU, June 5, 1813. 

J. Barton, Tufton Street, Westminster, Nov, 1, 1813. 

J. White, Leeds, Dec. 14, 1814. 
W. A. Noble, Riley Street, Chelsea, March 23, 1814. 
J. U. Rastrick, Bridgnorth, Salop, April 1, 1814. . 
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t. TiNDAi-i., York, Jane le, 1914. 

For improTementfl ia the applicatioD of steaoa to | 
pelSng of carriages. 

R. Dqds and G- Stbfh^sok, KilLingirortb, Northi: 

land, Feb. 28, 1816. 
For improvemeatH in the construction of loc 
engines. 

W. LosH, Northnmberland, April 8, 181&. 
- The first object to be attained by the adoption of 
teiit is a considerable saying in the consaniptioQ of I 
p1oye4 ip h^^ting the boiler. This the patentee pro 
cfTept by emplnying two furpaces, and Jhns preven 
ifsu^l current of cold updecomposed atmospheric t 
passing along with the heated gaseous matter. W 
atmospheric air in this undecomposed state com^ in 
with iron, and some other metals at a high ^%ree o 
has tlie ef^ct of oxidating their ^urft^e^, both byit? 
composition, and hj that of the water which it alw 
ries with it; nnd those oxidated surfiaces separate in 
sit^ coats of scaler, till by degrees, the metal is enti: 
roded away, so that by the adoptjop of Mr. Losh's 
(loDsiderable saving in the expense of repairs and losi 
in replacing the boiler is effected. 

M, BiLLiNGSLEY, Bradford, Yorkshire, April 20, 

R. Trbvithick, Carpbrono, Cornwall, June 6, 1: 

Jn addition to the packing usually employed in 1 

pressure pngine, Mr. Trevithick introduces a columi 

of water, which running round the piston renders tl 

air-tight. By this means he avoids a great proportii 
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usual fridjoDy a rery moderate degree of tightness in the 
packings being in practice found sufficient to prevent the pas«^ 
sage of so dense a fluid as water. The second part of this 
invention consists in causing steam of ^ high temperature to 
spout out against the atmosphere, and by its recoiling force 
to produce motion in a direction contrary to the issuing 
stream, similar to the motbn prxylpced in a rocket-wheel, or 
to the recoil of a gun, by which means a rotative action is 
produced. Mr. Trevithick also describes three othe^r improve- 
ments on the high-pressure engine, the latter of which, though 
jonly applied to nautical purposes, is by far the most irapor«» 
tant. It consists in employing a spiral worm or screw si- 
milar to the vanes of a smoke-jack, which being made to 
revolve at the head or stem of the vessel^ produces the re- 
quired motion. 

J. T. Dawes, Bromwich,^ Stafford, Feb. 6, 1816. 

The parallel motion usually employed is in this engine ren-> 
dered unnecessary by the immediate application of the piston 
to a crank, whose arbor supports the fly-wheel, and commu^r 
nicates motion to the connecting apparatus, 

G. F* Mui^Tz, Birmingham, March 2, 1816. 

For a method of abating, or nearly destroying smoke, an4 
of obtaining a valuable product therefrom. 

A. Rogers, Halifax, March 23, 1816. 
For an improved method of setting boilers, 

W. Stenson, Coleford, April 9, 1816. 

G. BoDLEY, Exeter, April 27, 1816. 
For an engine to work ieither by steam or water^ 
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J. Nbyillb^ Northampton Square^ Aug, l4. 1816. 
For a new and improved method of generating steam, 

\jl. LosH, Newcastle-upon-Tyne, Sep. 30, 1816. 

* • ' ' 

Tliat part of Mr, Losh's patent which relates to the loco- 
motive engine, consists in an improved mode of connecting 
and supporting the apparatus by means of pistons working 
in steam-tight cylinders, which answers the purpose of a 
spring carriage, and produces a continued equilibritimjn the 
various parts of the engine. 

G. Mainwaring, Marsh Place, Lambeth, May 22, 1817- 

This invention consists in conveying the steam (after leav^ 
ing the cylinder in order to be condensed) through a passage 
or passages surrounded with water supplied from the hot* 
well. In these passages are fixed a number of metal pipes 
or tubes which are filled with water from the surrounding 
casings, and which has its temperature increased by contact 
with the steam passing to the condenser. The water thus 
heated is conveyed by a force-pump to the boiler, and. a con- 
siderable saving of fuel is thus effected. 

John Oldham, South Cumberland Street, Publin, Oct. 10, 

1817. 
For an improvement in the mode of propelling vessels by 
the agency of steam. 

MosBs Poole, Lincoba's Inn Old Square, Dec. 15, 1817. 

William Moult, Bedford Square, liondon, Jan. 15, 1818. 

John Scott, Pengo Place, Surry, Jan. 23, 1818. 
For an irpproved mode of propelling steams-boats. 



John Munro^ Hndiiiiry Place, Middlesex^ Feb. 12. 1818« 

Joshua Routledgb, Bolton-le-Moor, Lancashire, Feb. 27, 

1818. 

For improveraeats upon the rotatory engine. 

William Church, Clifton Street Finsbury Square, April 8. 

1818. 

;Thomas Jones and Charles Pumley, Birmingham, May 7> 

1818. 

In this specification the patentees describe an apparatus 
intented to operate either as a blast or steam engine, and the 
piston is rendered air-tight by means of a column of water. 

John Mal4M, M&^ham Street, Westminster, Aug. 5, 1818* 

Sir William Congreve, Cecil Street, Westminster, Oct. 19, 
' ^ ' 1818. 

The principle upon which elastic vapour is employed in 
this engine, consists in collecting its force beneath the pres- 
sure of a column of water or other heavy fluid, and its effect 
ito produce motion will thpn be regulated by then: re- acting 
pressure. 

To apply this force to the greatest advantage, this ingenious 
experimentalist recommends the employment of an apparatus 
resembling the overshot water-wheel, but in this case the 
wheel is immersed, in a fluid in which it is made to revolve, 
qiid the steam entering beneath the hollow boxes or float- 
boat is made to produce a continuous rotatory motion by its 
aiscent to the surface. 

Jambs Fraser, Long-Acre, London, Nov. 12, 1818# 
For improvements ia the steam-boiler. 
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RicHABD Wmgbt, Tolm-Hoine Yard, Londoii, Nor. 14, 

18ia 

JoBN PoHTinx^ Shoe Lue, Londoo^ Jan. 7* 1819. 

John Sbawabd, i^t Road^ Londoo^ April 3, 1819, 
For an improved mode of geD^nitiiig steam. 

Wu4JAM Beuktqn, BirmiDgluuDy Jape 29^ 1819. 

An accoont of Blr. Bmnton's mode of consnmii^ smoke^ 
win be fomid in a pracedii^ P^g^r 

JoHv Oldbam, Sonth Cmnbeiland Street, Jan. 15^ 1810^ 

For impnnremeots on a premos patent, dated Oct, 10^ 
1817r 

JoHM BARTOW, Falcon Square, Ixmdon, Biify 15, 1820^ 

John Ha6ub« Great Pearl Street, Spitalfidds, Jone 8, 1800^ 

John Wa^lsfiblp^ Ancotfs Place, Manchester, Jnne 6, 1890, 

For improvements in the constmction of furnaces by wfaici) 
a saving of fhel may be effected. 

WiixiAM Brunton, Birmingham, 1820. 
For an improved mode of constructing furnaces. 

Job Rider, Belfast, Ireland, July 20, 182Q. 

For improvements capable of producing a concentric aud 
revolving eccentric motion, applicable to steam epgines, &e. , 

John Moorb, Castle Street, Bristol, Dec. 9, 1890. 
For an ingenious, though we fear useless, rotatcny engine. 
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WiLLUM Pr^tchard, Le6d8y Yorkshire^ Dec. 23^ 1890. 
For a paving of fuel by the combustion of smoke. 

WiLLUM Alderset^ HomcrtoD^ MiddleseXi Feb* 3, 1821. 

Thomas Masi^brman^ Broad Street^ RatcIifTe, Feb. 10, 1821. 

For a rotatory engine whicb wp have already very ftdly 
jdescribed. 

Robert Stejn, Walcot Place, Lamliieth, Feb. 20, 1821, 

Henry Pennegk, Penzance, Cornwall, Feb. 27, 1821. 
For lessening the consumption of fuel. 

Hbnr¥ Browne, Dprby, March 16, 1821. 
Por saving fuel and consujning smoke. 

Aaron Manby, Horseley, StaflFordshifC, May 9, 1821, 

Thomas Bennbt, Bewdley, Worcestershire, Aug. 4, 1821 ^ 

jPRANpis Areton Egells, Britannia TerracCi City Road^ 

Nov. 9, lajl, 

Char^3 Broderip, London, Dec. 5, 1821. 

Julius Griffith, Brompton Crescent, Dec. 20, 1821, 
Yoy an improved locomotive engine. 
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Abstract of Evlilcnce and Reports m^de by a Select Com-; 
mittee of the Hume of Commons^ on Steam Engine^ and 
Furnaces. 

MICHAEL ANGELO TAYLOR, ESQ. 

In the Chair, 

Mr. Joseph Gregson, Surveyor, called in and examined. 

Was of opinion that the nuisance that arose from the smokq 
of steam engine furnaces might be attributed to two causes : 
one, the putting on the fire or furnace too much crude 
fuel at one time; the other, from th^ cl^iiQnies being com- 
monly too low, in proportion to the fuel consumed.--:Had 
seen this nuisance effectually removed ; but it l^ad generally 
been attended with an increased consumption of fuel : it was 
seldom adopted but where the parties had been or were 
under an indictment. — His own invention consisted m 
causing all the smoke after it had arisen from the fire, to re- 
turn into the heat of the fire before it entered into the flue or 
chimney, and so was consumed; 2dly, By putting on no 
more fuel at any one time than the smoke of Tyhich can be so 
consumed, and that without opening the furnace door for 
the purpose ; 3dly, By supplying every fire with air, in order 
to counteract the effect of those winds that operate against 
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the draft. —Had employed it in the fires and boilers of" pri- 
vate houses, under steam engine boilers, and in wealding 
furnaces, where a number of bits and scraps of iron were 
packed together, and subjected to an intense heat; they 
were, in that state, then rolled or hammered into one com- 
pact body. — ^The result however in the latter case was, that 
although every thing acted according to the plans laid down, 
and the fire was regularly supplied with fuel, and the smoke 
completely destroyed, yet the heat necessary to weald those 
scraps of iron together could never be attained, and this was 
in consequence of the continued repetition of the supply of 
fuel, damping and preventing that heat coming over which 
arises after all the volatile parts of the fuel has been driven 
off; and which heat, being entirely pure, was called a white 
or wealding heat. The furnaces requiring a white heat and 
higher degrees, were wealding, melting and smelting fur- 
naces, and vitrifying furnaces, as the making of glass and por- 
celain. The melting and smelting furnaces were in many in- 
stances supplied only with coke, but witness was not aware that 
a wealding Or glass fiimace oould be at all worked with coke. 
—Considered that a good effect would be produced by raising 
the chimneys ; a!s by increasing the draft the smoke would be 
then more consumed, and by its height more dispersed by 
the wind.— For every fire consuming one bushel of coals 
per day, the chimniey should be at least thirty feet high, 
and one foot higher for every additional bushel consumed, 
measuring from the body of the fire. — At the new steam 
engine of 100 horse power at the East London Water works. 
Old Ford, there was a method of consuming the smoke; a 
singular plan was adopted at. the corn mills at Islington, 
Liverpool ; at the corn mills Newcastle, Stafford, a steam 
engine, of 14 horse power, had worked for nearly a whole 
day without smoke, owing to the quality of the coal, which 
was only 5rf. per cwt.; at the lead mills, Tottenham Court 



SoadyannrildtoBiieBpiiewaswQriedvp&baikfcanlf^ wtm 
hevmy in 9tsffiMnd,anuiI :iteun engiiie, and a tangse one li 
tbe MecUoGk yCliMf MwichcatBy camsnnied the amrifie mtk tbe 
pacmt pnncxples -, m ail, ax difiezent ewginek — Banmtked^ 
howeror, that aoder the verv bat dnannatnucoh sad cai»- 
ttxvanceiy there were times in wiiidL tkesoofaeoCcmde SkI 
could not be consumed, viz* at the iiat Eating of tbe fiie^ 
and at any andden rhangtst of dampny or taBJng the fite,-^ 
The expense efaetdng^ op a an horae-enn^^ on the witness's 
plan wooid be aboot I6iL; andaduEt7^dbEone^aboat3DLar 
3BL; an old fomace conld be altoed for ML, and k araaU 
beabootone^-tendi aavfneoffiid; it wonki be npoK Oe 
ingv and not tbe loaing aidew— ^In point of fiurt^ the 
the ^jpGcatioa oi this pat»it wooId be shorty saved bf Ike 
sasring^ of fbeL The aame principle wooId ako apply to the 
ateam pacfceta. The amoking' of an onfinary chioEiney waa 
femovcd by a common fire conatrocted oak that paiDc^iei 
The expense of akeriog as old cngineof ahnadted-hdiae 
poweTi iqpon die new principle, wooht not be less dnn 100^ 
«— In the making of gaa^ the coal was ob^ aafegcct to a led 
heat, and the gaseoos Tapoois of whieii might be conaideted 
as (fotiiied over, while the principal part of the fiad icdwned 
as coke; but in a common furnace die coal was entiselycon-' 
samcd, kaTiag only ashes or a vitrified dinher; the smoke 
eontainiiig much ammoniacal matter, cooM not be borat bal 
in a rery intense heat, approaching to a white or weridii^ 
heat; consequently, when tbe sinoke was bnrat nnder the 
bcHW it was very destructive to the meiad ; but being burnt 
npon his principle, thai destruction was wboHy avoided; the 
smoke was thus subjected to the required heat, an entire 
dumge or decomposition taking place^ and the product was 
principally ateam ; whereas the coal gas never having been 
subjected to that beat, there Was greater difficulty in freeing 
It from its impurities; therdbre tbe vapour arisbig from 
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bamt smoke, T>^ more pure than tbtttaiisii^ from tbe burn- 
ing of coal gas« 

Mr« William Moult, Assistant to Messrs* Cookb^ 

called in ; and examined* 

The former mode of heating the boilers, was by putting 
the coals over the bars in the common way; but his im-' 
proved method was to make the flame come over the coab^ 
which were laid upon an iron plate, and the flames made to 
pass over the surface of the coals upon the iron plate which 
lighted the coal at the top, and the red part of the coal was 
next the bottom of the boiler; by that means, the smoke lui 
it rose from the coals was consumed in its passage over the. 
bars. — ^The consumption of fuel of the old boiler was r^ular* 
ly eighteen bushels of coals in twenty-four hours ; but when 
altered in this manner, twelve bushels produced a similar 
efiect. The smoke bore no proportion to what it was under 
the old method. Had put up a small boiler for a steam en- 
gine upon the same plan, and found it answer. Thought it 
would be applicable to soap manufactories, because their 
boilers were generally long boilers : in some steam engines, it 
would be difficult to do it, because the fire was obliged to 
rise in the front, and pass that way. 

Georgb Leman Tuthill, M. D. of Soho Square, 
called in ; and examined. 

Believed the atmosphere of London to be prejudicial to 
health ; the accounts which had been published at diflerent 
times, concerning the relative duration of life in London and 
in the country, might be considered as having proved that 
duration to be considerably diminished by a residence in this 
metropolis. It was probable that this depended upon the at- 
mosphere^ of London. There was a great variety of caus^ 
which contributed to render that atmosphere unfavourable 
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to hesXih } atid it might be presdtned t^t the quantity of 

carbonaceolis matter suspended in it, was one of the caules of 
its insalubrity. The rapid advancement to recovery which we 
frequently see in sick |)ersons, during a short residence in the 
country, proved the influence which the atmosphere of Lon- 
don had upon health \ there were rhany diseases incident to 
the human body> in which the influence of that atmosphere 
might be more easily detected than in a state of health. In 
certain diseases of the lungs, especially, it might be proved 
that the smoke of London was prejudicial. -^Conceived that 
the fog peculiar to London, so diflerent in its sensible pro- 
perties from any fog in the country, depended upon the 
smioke of the metropolis, and was prejudicial in many diseased 
states of the lungs.— The greater the quantity of carbonic 
acid gas in a given volume of air, the greater would be the 
insalubrity of that air. But in crowded cities, the air was 
contanainated from a variety of other causes, which chiefly 
owed their origin to the exhalations, Either from the living 
animal body, or from decomposing animal and vegetable 
matter, when the principle of vitality was extinct. — Conceiv- 
ed the smoke arising from steam-engine furnaces might be 
prevented : it could be effected by making the smoke pass 
through an ignited tube, whilst the combustion of the soot 
was there assisted by a fresh current of atmospheric air. 
Saw no reason why a simple apparatus might not be so con- 
trived, as to render that combustion complete. But it ap- 
peared to be deserving of consideration, whether this an- 
nihilation of smoke ought to be confined to manufactoriea* 
If, instead of burning common coal, that fuel were first di- 
vided, as it now was in the gas-light manufactories, into coke 
and carburetted hydrogen gas, and these were afterwards 
consumed in union, the brilliancy and warmth which was 
now enjoyed by the fire-side would, to say the least, be un- 
diminished, whilst the smoke would be entirely destroyed. 



This might be tried without any difficulty^ by the judicious 
admission of gas into a common grate filled with coke; the 
materials in fact would be the same as of our common fires^ 
but employed in a state of greater purity. There was no 
limit td this mode of destroying smoke : and should a plan 
of this nature be hereafter adopted, chimuies, as they were 
now constructed, would be quite unnecessary; a small tube 
would be sufficient. 

Mr. WiLUAAf LosH, of Newcastle*on-Tyne, 
called in, and examined* 

Considered it impossible to state any thing which could 
be satisfactory, without referring to a plan* Would only 
state, that in some engines which had been erected accorcUng 
to witnesses plans, the smoke was entirely consumed.-^Wa8 
of opinion that for smelting or^, long horizontal flues would 
be advisable, and would nearly do away with the nuisance ; 
but for glass-houses, witness did not know of any practical 
remedy. 

Mr, WiLLiAl^ BfeUNtoN, of Birmingham, Civil Engineer, 

calldd in, and examined. 

Furnaces for consuming smoke, as they were usually con-* 
structed, consisted of two distinct parts : 1st, the grate upon 
which the coal was consumed ; 3dly, the feeding^moath into 
which the coal was put (with the shovel) preparatory to its 
being pushed forward upon the grate, at the end of the feed- 
ing-mouth; opposite to that which joined the grate, was 
fitted a door, in which were holes with covers, for regulating 
their apertures, by which atmospheric air was admitted at 
pleasure. The process was thus: whilst Ihe coal already 
upon the grate was in high combustion, and had ceased to 
smoke, the coal in the feeding-mouth, being exposed to the 
heat of the fire, underwent a degree of coking^ and the 
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smoke was thereby evolved, which, combined with a portion 
of air admitted at the openings in the door, passing into the 
chimney over the hot fire, was consumed. When the fire 
was to be renewed, the coal thus acted npon, was forced 
forward upon the grate, still carefully preserving a strong fire 
of well burnt coal on the farther end of the grate, in order to 
consume the smoke, which would now be given oat by the 
coal thus brought into active combustion ; at thb period a 
much greater portion of aur must be admitted, than would be 
needful when the coal last forced forward had attained its 
full heat. 

The following were the principal objections to the general 
adoption of this species of furtiaee: First, the piocess of cok- 
ing, or preparing the coal in the feeding-mouth, was-. Very im- 
perfect, and but a small part of the coal necessary to feed the 
fire was afTccted by it, so as to give out less smoke when forced 
npon the grate. Secondly, though the judicious adniission 
of air to enable the smoke to ignite was found advantageous 
yet a small excess admitted was found to have a very injurious I 
effect in cooling the boiler ; and as the quantity of air re- I 
quired for the combustion of the smoke must vary every mo- 
ment of the interval between the times of renewing the fir^ 
(perhaps fifteen or twenty minutes,) nothing short of the 
greatest care and unremitting attention to the admission of 
the air could accomplish the object with economy. This 
care on the part of the workmen could very rarely be obtain- 
ed; and proprietors of steam engines have found that, for 
want of this, the burning of smoke has been too expensive i 
for them to persevere in, — ^W^tness having ttimed his at- 
tention for some years to this subject, had discovered a 
method by which the smoke niight be consumed economi- 
cally, and its practicability less objectionable than the'metHods 
usually adopted : 1st, by putting the coal upon the -grate by 
small quantities, and at very short mtervals, say every two or 



three seconds; Sdlyv by so disposing of tine coal upon the 
grate) that the smoke evolved must pass over that pfart of the 
grate upon which the coal was in full combustion, and was 
thereby consumed i 3dly, as the introduction of the coal was 
uniform in short spaces of time, the introduction of the air 
.was also uniforin, and required no attention from the fire-* 
man. As it respected economy, Ist^ the doal was put upon 
the fire by an apparatus driven by the engine, and so con- 
trived, that the quantity of coal was proportioned to the 
quantity of work the engine was performing, and the quantity 
of air admitted'^ to consume the smoke was regulated in the 
. same manner ; 2dly, the fire door was never opened except* 
ing to clean the fire; the boiler of course was not exposed to 
that continual irregularity of temper&ture which was unavoid- 
able in the common furnace, and which was found exceeding* 
ly injurious to boilers | 3dly, the only attention required, was 
to fill the coal receiver every two or three hours, and clean 
the fire when necessary ; 4thly, the coal was more completely - 
consumed than by the common furnace, as all "the effect of 
what was termed stirring up the fire, (by which no incon* 
siderable quantity of coal was passed into the ash-pit,) was at-> 
tained without moving the coal upon the grate. — Conceived 
that in a twenty-horse engine, the increased expense of 
erection would be between ^bL and 100?. 



FIRST REPORT. 

The Select Committee a|)pointed to- inqufre hbw far it may be 
practicable to compel Persons using Steam Engines and Furnaces 
in their different works, to erect them in a manner lec^s prejudi- 
cial to Public health and Public comfort^ and to report their 
Observations thereupon to the Housci;— Have agreed upon the 
. following Report : 

* . *d2  
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That from the adiranced period of the Sesdop, at wlkicb 
the appointment of your Committee took place, it was not to 
be expected tbat they could form any ultimate dedsidn as to 
the precise object of their inquiry; but as for as they have 
hitherto proceeded, they confidently hope that the Nuisance 
so universally and so justly complained of, may at least be 
considerably diminished, if not altogether removed. 
. Your Committee have bad under their examination. Men 
'Whose minds have been long and practically directed to the 
•extinction of the evil; and from their Evidence^ the. House 
.will be enabled to judge how far their opinions corrcspobd 
.idth those of your Committee. 

, The disinterested communications made by Persons whose 
.private interests might have led them to a different line of 
.conduct, cannot be too highly valued and extolled. 

July 12, 1819. 



SECOND REPORT, 

From the Select Committee on Steam Engines^ 

Furnaces^ Sfc. 

MICHAEL ANGELO TAYLOR, ESQ. 

In the Chair. 

Mr, JosiAH Parkes, of Warwick, Worsted Manufacturer, 

called in, and examined. 

Had practised various methods for reducing the smoke 

• arising from a steam engine, for about six years; had so far 

been able to accomplish the removal of the nuisance, that for 

about twelve hours of the day the smoke was nearly invisible; 

' had three boilers, and found that in an hour after lighting the 

fires, there was heat enough to consume the whole of the smoke 
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arising from them. Had adopted a mode of firings whicb 
was practis^ed with it, greatly conducive to economy of fueL 
The daily consumption was twenty-fiye cwt* to supply the 
engine, dye-house, and washing coppers ; while witness was 
formerly in the habit of using from thirty-six to forty hun- 
dred weight. Employed steam at a pressure of three pounds 
and a half on the inchj the ordinary pressure of Messr^^; 
Boultpn and Watt's engines. Hadapplied the improved ap« 
paratus at Messrs. Barclay and Perkins's brewhouse, and was 
perfectly satisfied with the result ; and the destruction of the 
smoke was nearly complete. But the Newcastle coals made 
a great deal more smoke and less flame than the Stafford- 
shire, and therefore the destmction of the smoke became & 
much more difficult object Had an air-valve to regulate the 
quantity of air admitted to bum the smoke, which was regu- 
lated or closed at pleasure. Had reduced the consumption of 
coals, by the combined adoption of the mode of firing with the 
destruction of smoke from thirty-six hundred weight to twenty- 
five hundred weight, daily. When much smoke was being 
made, had uniformly found the draft increased, because, by 
the conversion of the smoke into active flame, the rapidity of 
its passage was facilitated — Witness wished to state one 
further circumstance 3 that he believed that this plan of burn- 
ing smoke was applicable to works of vai-ious descriptions ; 
and from the effect produced at Messrs. Barclay's brewery 
under the three boilers that he had altered, he had received 
directions from them to proceed with one of the large brew- 
ing coppers. Thought it might be applied to annealing and re- 
verberating furnaces, and most close fires. In charging the 
fire-place, the fuel was gradually pushed backwards as it be- 
came ignited, until the whole capacity of the furnace was one 
mass of coals; the feed-mouth was also then filled up, and 
the door was closed for the day. This required about two 
bourse Had stated that the heat was increased by the ad- 
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mission of air to ]t)uni the smoke; and to ascertain the 
amount, had placed a thermometer in such a posture, tvheh 
the smoke was being consumed by the admission of the air, 
that it stood at 214 degrees ; by the sudden closing of the air- 
valve, the smoke passing away unconsumed, the thermomete^ 
fell to 200*. The appearance of the flame when no air wa 
admitted was red and dusky, intermixed with quantities of 
smoke; and large quantities of soot were seen to come over 
from the fire with it ; but when the air was admitted, the 
smoke caught fire .with a brilliant white light, and the soot 
was evidently consumed. It was the combustion 6f the 
charcoal which produced the light. The expense of altera- 
tion upon witness's plan would be but trifling, probably 
about 20/. orSOZ. to each boiler; but the premium had not 
been determined. As a proof of the small expense, and the 
little time attending the necessary alterations, the three 
boilers at Messrs. Barclay's brewery were altered in fiv<$ 
days. 

Mr. William Phipson, of Birmingham> called in, 

and examined. 

Had paid a great deal of attention to the different plans 
that had been suggested for burning smoke, ^d had found 
them in general, if not always, attended with an increased 
consumption of fuel ; and likewise so much care and skill 
required from the fireman as was seldom to be found in per^ 
sons so employed. Had succeeded in considerably diminish' 
ing the smoke ; but was very far from the perfection which 
had been obtained by Mr. Parkes. Had been many yeari J 
acquainted with Mr. Parkes, had watched very closety tfe 
improvements that had been making within the last "few 
years at his mill, and had found that be had succeeded fo 
some time past, in a much more complete manner than ittl 
other person, and now, considered that he had attained com- 
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plete success in the consumption of smoke^ attended with a 
considerable saving of fuel. Had seen the furnaces at Messrs. 
Barclay's brewhoqse since they had been altered, and con- 
sidered the destruction of the smoke as complete there as at 
Mr. Parkes's at Warwick. Had heard it remarked that 
there was still a great quantity of smoke at Messrs. Barclay 
and Co.'s; this arose from three large brewing-coppers, which 
had not been altered by Mr. Parkes; apd the hsue of smoke 
from those coppers was so great .^s tQ; deceive persons whp 
viewed the works from a distance. Believed Mr. Parkes's 
plan was applicable to all kinds, of boilers, and to most kind^ 
of close fire-places, but not to open fires. 

Frederick Perkins, Esq», called in, and examined. 

Had been induced to try the method which Mr. Parkes 
had invented for abating the nuisance of smok^, and had ap- 
plied this apparatus to two boilers, and beliet^ed they weit 
altered in the space of three or four days. When worked 
there was no smoke excepting at the first lighting of the fire} 
after the fire was made up, and a regular heat produced, 
little or no smoke escaped from the chimney when the dt 
valve was open. Believed that the consumption of fuel wa6 
decreased ; but could not say decidedly. 

Mr. James Spurrell, Brewer, in the Employ of Messrs..' 
Barclay & Co. called in, and examined. 

Before the adoption of Mr, Parkes's alteration for con^ 
suming the smoke, had made a very considerable portion of 
smoke from the steam engine, but since the adoption of Mr. 
Parkes's plari^ there was scarcely any smoke after the first of 
the morning ; the fire, when once made up, would last from 
ten to twelve liours.. ^The application had. also b,een mac}e to 
another copper, which was called the blowing-poff copper, for 
blowmg-off and steaming casks, and there the plan had been 



56 Jippendur. 

as sQccesaful as in the steam ei^;ine, very much to the satis-* 
faction of the house. Thought that the consamption of coal 
would be reduced in the blpwing-off copper, 

Mr. Benjamin Hawes, Jan., Soap-boiler^ called in^ 

and examined. 

liad altered a steam engine furnace under Mr. Park^s's 
direction^ and found a very considerable reduction of smoke 
in consequence; with respect to fuel^ ooiild hardly state 
whether there is any saving, not having had the returns, 

Chaelbs Mills, ^q., a Member of the Committee, 

examined. 

Had been at Warwick, and seep Mr. Parkes^s manufactory. 
Saw the three furnaces in operation, find had an opportunity, 
.by looking into the fire-place, of seeing the difference that 
was caused in the fire by the opening and sbuttipg of the air- 
valve. In one case there seemed to be a thick smoke, and 
the fire clouded; in the other case the smoke was wholly r<3- 
moved, and there was a perfectly clear fire. Went out of the 
engine-house into the court, to observe the top of the chim- 
ney : in one case observed scarcely any smoke visible coming 
from the chimney; in the other, when the altemtion was 
made, to try the experiment, found a veiy qonsideirablQ 
quantity of smoke to arise, 

DuGDALB Stratford Dugdalb, Esq., a Mefiiber of the 
Committee^ made the following Statement. 

Had attended Mr. Parkes's manufactory, for the purpose of 
seeing the trial of the experiments for consuming smoke by 
a method he had lately introduced, which appeared to be 
very simple, and at the same tinle to be perfectly efficacious. 
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MicHASL Akgeix) Tatix>r^ Eaq., Chairman of the Committee^ > 

made the followmg Statement, 

I was applied to about six weeks ago to take Warwick in 
my way to London^ for the purpose of seeing the furnaces 
that were used in the works of Mr. Parkes. I of course ap- 
pointed a time, and on my arrival at Warwick, in company 
with Mr. Denman, a member of this house, went into the 
manufactory of Mr. Parkes, and made every observation I 
could to satisfy myself of its efficacy in meeting the object 
which I had in view, that of diminishing the smoke of fur- 
naces erected for the purposes of heating the boilers used iot 
working steam engines^ and for furnaces necessary in different 
branches of manufactures^ as well as in brewhouses. I never 
thought, as far as my present inquiry and observation was 
directed, that the experiments which had been made, and 
w^hich had been reported to me by Mr. Parkes and other 
gentlemen, could lessen the smoke that arises from furnaces 
used in the smelting of ores, or in the vitrifying of glass. 
My object in going to Mr. Parkes's was to ascertain how far 
his experiment could succeed in furnaces of the description I 
have before alluded to, let their power and extent be what 
they might, and to judge from every experiment I could there 
make, whether his plan would be generally applicable. On 
going into Mr. Parkes's premises I could not perceiye the 
least smoke arising from any chimney in the place, so much 
so that I was at a loss to ascertain which was the chimney 
attached to the furnace which supplied the heat for the 
steam engine. I also noticed very accurately the garden 
ivhich immediately adjoined the furnace> to see if from the 
flowers and from the different plants that were in that gar- 
den there was upon them the afifection of soot or smoke ; I 
could perceive none, though I inspected them very narrowly. 
I was anxious to make this trial, knowing from experience 
that the volumes of smoke which issue from the furnaces ou 
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every ride of tbe rifer llHuiiesoiqKwie my own 1^ 
Uacken eirery flower I have in my own garden at WhitehalL 
I afterwards went to the bleaching-gronndy to jndge wlielher 
there were any marks of soot or smoke upon the teDter-rail^ 
on which were always hung the different articles for bleacb-r 
ing; I found no appearance of soot or smoke; the bleach- 
ii^-'ground was almost adjoiniog to the fomace. On going 
into the place where the famace ms erected, I desired 
that I might be allowed to assail the famace in what- 
ever way I chose, and by any experiment I thought proper 
to make ; I mean by the word, aasful, to see if by any expe-. 
riments of mine I could create smoke* In the first place, I 
desired that the famace might be opened, and raked for a 
considerable time ; no smoke was occasioned, indeed none 
bad issned. I then directed that the valves which secured 
Mr.Parkes's experiments, and gave effect to his object, should 
be shut, and immediately the place was involved in smok^ 
which ceased on resorting to the apparatus again. Not sa- 
tisfied with that, I desired that a very laige body of coal 
nught be put into the middle of the furnace, and that Mr, 
Ffttkes's apparatus should remain in tl^e way it.did rem/|iii 
when I saw no smoke ; I then inspected whether or not, 
from that immense body of fuel,, which I put on adventi* 
tiously, any smoke issued ; none appeared. On the shutting 
of the different mr- valves, an immense body of smoke issued; 
this convinced me that his apparatus was perfectly adapted 
to the object I had long in view; and that though. miMsy 
others had met my observation, yet none appeared to me 
so simple as his; and I desired Mr. Parkes to come tK> hoDr 
don, and apply in niy name to persons who had steam engine^ 
and see if they would permit him to have their furnaces- so 
altered, that the public might judge whether or no bis appa- 
ratus would give as fair a promise of success in London as it 
had done* at Warwick. I waited on Messrs. Barclay and 



Perldtas a Sewdajrft i^, ill eompany ^rlth' Lord Harewood^ 
Lord Rosslyn, and sewral other gentlemen, inniy of thtoi' 
Members of this House, to see whether the experiment had 
succeeded in the furnaces attached to that bteweiy. Every 
trial was made in my presence, and every trial succeeded; 
and i bare no doubt that if there was occasion, several Menm 
bers of this House, who were present^ would attend and give 
evidence to the same fact. The success of the experin>ent 
was as complete at Messrs. Barclay's as it was at Mr. Parke&'a 
at Warwick." 

KiRKMAN FiNLAY. Esq. a Member of the Committee^ 

examined. 

Had been with other members of this Committee at Meiisrs* 
Barclay's brewhouse, and was quite satisfied as to the reduc* 
tion of the smoke in the furnaces to which Mr. Parkes-i ap« 
paratus was attached. 

Mr. Wiluam Brunton, Birmingham^ called in^ and 

examined. 

Had lately erected eight fire-regulators, all of which bttd 
given the greatest satisfaction as regarded burning the^smoki^ 
one of which was at the Whitechapel distillery, and anotfaet 
at Liverpool 5 and they had uniformly effected a saving of coal, 
which on the average was more than 30 per cent. Th^ 
were applied to boilers which were originally erected by 
Messrs. Boulton and Watt, and justly considered upon th^ 
best construction of the common furnace. In London, a 
grate of five feet diameter, consumed three bushels per houf ; 
in Staffordshire and Lancashire, about three hundred weighty. 
First, by the use of the fire-regulator there was much less 
scoriae or clinker formed from the same quantity of coal tbaik 
in the ordinary 'fire, and that was formed in thin lamihee upoA 
the grate 3 and in general, while three bushels of coals per 
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hour were consamiiig upon the grate^ the bars' were aeidpni so 
hot as to discolour writing paper, when pressed against them. 
Secondly, another effect, of considerable importance in Lon- 
don, was that the fire-bricks which formed a part of the fire- 
place were not even vitrified^ and would therefore last very 
much longer than in the usual furnace. Thirdly^ the boilers, 
in consequence of the regularity of the heat, might ffdrly be 
expected to last much longer, and the supplementary boiler, 
on which of course the greatest wear would take place, might 
at any time be taken down, while the principal boiler, with 
all its connecting pipes, remained unmoved. 

In the fire-regulator, first, by the very equal distribution 
of the coal upon the surface of the grate, a thin fire and 
a sharp draught was maintained, and this was effected by 
the coal being introduced in small quantities falling upon 
the whole of the area of the fire in r^ular succession. Se- 
condly, the coal was introduced upon the fire without open- 
ing the fire-door; and this was effected by dropping the 
coal through the roof of the supplementary boiler. Thirdly, 
the decomposition of the coal was much more perfect 
than by the common furnace, and this was effected by the 
irevolving of the grate, which exposed each side of every 
piece of coal on the grate to the current of the fire passing 
constantly m one direction across it. Fourthly, the intro- 
duction of the coal was completely governed by the steam 
generated^ analogous to a water-wheel, governing by its ve- 
locity the quantity of the water permitted to fall upon it; 
thus, considering the production of the steam as the effect, 
^nd the introduction of coal as the cause, the former had a 
perfect check over the latter, and at no time admitted more 
coal into combustion than was really necessary for the per- 
formance of the work which the engine was then doing. 
Fifthly, the whole apparatus, being a very simple mechanical 
arrangement, acted indepeildently of either the skill or th^ 
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carelessness of the fireman. No coals should be put upon a 
steam engine fire until they were small enough to pass a 
three-inch mesh; therefore the necessity of breaking the 
coal to that size was advantageous. Had lately burned a 
species of small coal^ which had till now been regarded as 
perfectly useless; and as such there were thousands of tons 
encumbering the ground in the StaflTordshire collieries^ inca- 
pable of being used with effect in any other furnace than the 
fire-regulator ; and this hitherto supposed rubbish had pro- 
duced 70 per cent, of the effect of saleable coal ; thus bring- 
ing into use that which was of no value.— In obtaining the 
maximum effect thought it advisable to employ a thin fire, 
with a sharp draft, witness being of opinion that the grater 
quantity of oxygen brought into contact with the coal in com- 
bustion, the greater heat or effect was produced from it. The 
fire-regulator, and the other modes proposed for burning 
smoke, stood upon very different grounds; for thevalue of a 
boiler as an implement for generating steam, depended upon 
the quantity of coal which might be burned under it produc- 
ing a maximum effect ; and when any change was made in 
a furnace, by which either the quantity of coal consumed 
with a maximum effect was diminished, or the effect of the 
same quantity of coal decreased, in either case it was injuri- 
ous. The fire-regulator, while it increased the quantity of 
coal consumed, increased the effect also, and thereby increased 
the value of the boiler to which it was attached, as it would 
raise a greater quantity of sfeam at a much less expense. The 
usual plan adopted consisted of a mere change in the form of 
the furnace, which w}ien appreciated by the proprietors, was 

of no more value than it was before ; but the fire-regulator 

» . t 

made a positive addition to the size of the boiler, and was 
tangible property, and whan the proprietor took his stock 
stood for its own cost. 



Mr. Jamks Scott Smito^ Distiller^ caUed in^ and examined. 

Had foand that they could consume the sinoke to a very 
great extent, and although it was not completely invisible, 
yet it was never offensive. Had never understood that it was 
possible to consume the smoke entirely. The fire-r^ulator 
invented by Mr. Brunton had many advantages ; 1st. The 
b<nlers to which it was attached had their power g^reatly in- 
creased ; would last a longer time, and would not be so liable 
to leak as those on the old plan, which arose from the cir- 
cumstance of the fire-door not being opened to introduce the 
fuel, consequently the frequent draughts of cold air were ex- 
cluded, and the boilers retained an uniform temperature. 
2ndly, There was a great saving of fuel, viz. 38 per cent 
and this was the average of a three-weeks' eitperiment with 
the fire-r^^Iator, compared with the work of three men in 
a three-weeks* experiment on the old principle. — Considered 
Mr. Brunton's machinery and alterations altogether, had cost 
two hundred and fifty pounds. 

Mr. William Brttnton, again called in and examined. 

Conceived that the general expense of altering an old fur- 
nace for the purpose of applying improved apparatus, so as 
to make it effectual to a twenty-horse engine, would be about 
'three hundred pounds ; out of which the patentee received 
about sixty or seventy pounds. 

Mr. Peter Whitfield Brancker, Sugar Refiner, called in, 

and examined. 

Had applied to Mr. Brunton to erect an additional boiler, 
having lieard that it would also have the effect of burning the 
smoke. The apparatus was finished early in May. Had 
watched the process carefully, and took notice of the differ- 
ence of the power of the steam, and the quantity of smoke 
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compared with wbat vims emitted formetly^'ond found] that 
although the apparatus was not perfect for want of the other 
boiler being ^Iso fixed, that* the quantity of smoke was very 
trifling indeed, little or nothing, and that the power of steam 
was very much increased 5 the quantity of coals saved, as far 
could be judged, was something better than one-fourth, about 
30 per cent. Was perfectly satisfied with the result, which 
had caused a good deal of inquiry in Liverpool, many per- 
sons having been to examine the apparatus. 

Mr. JofiN Wakbfield, called in> and examined. 

Thirty years ago was acquainted with the town of Man- 
Chester. A Mr. Drinkwater had then erected the first mill 
that was built for mUle-spinning in England, in a populous 
part of Manchester; who did not wish to be offensive to his 
neighbours there. Witness had tnmed his attention to 
that subject with Boulton and Watt's assistance, and con- 
sumed a part of the smoke, but- it took more coals by ten per 
cent, than the old mode. In the year 1816 again turned his 
attention to this subject ; it was much wanted in Manchester, 
and no progress had appeared to be miade. In \9\7j print 
works were erected near to Earl Wilton'ft, at Heaton, on his 
lordship's property ; this was to be on. condition that they 
should make no fiuisance on his grounds, which witness had 
done with a low chimney, not so high as that of the houses : 
the next was Mr. Jonathan Pollard's, who had an engine set 
up by Boulton and Watt, and he tried a smoke-burner made 
by Mr. Robertson of Glasgow, but it did not give satisfaction. 
His principle was applied, which saved twenty-five per cent, 
in coal, and consumed the smoke completely, except a little 
at the renewal of the fire, which was now obviated. Mr. 
Jowle, a brewer in Salford, was under indictment by the 
magistrates for a nuisance occasioned by the smoke ; he ap- 
plied to witness, hearing Mr. Pollard's was done, and the 
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alteration was made xaAtc bis brewing ooppen ; it bad the 
desired effect, and he so much approved of it, by its saving of 
twenty-five per cent, and making his pren^ises cleaner, that 
he had his steam engine boilers altered> for which he was not 
indicted ; and be also had other wprlis where he had altera- 
tions made in the same manner. — Had applied the same in- 
vention toolher works at places for calico-printing, wh^« the 
pieces lay on the ground, and where the oxides of iron and 
blacks stained them, which inconvenience was now obviated 
to their satisfaction. The expense of witness's apparatus 
for a twenty-horse power engine would be twenty or 
twenty-five pounds, besides the charge for remuneration* 



REPORT. 

The Select Committee appointed to inquirer how fkr it may be prac" 
ticable to compel persons using Steam Engines and Furnaces vet 
their di£ferent works to erect them in a manner less prejudicial to 
public health and public comfort ; and to report their Observa^ 
tions thereupon to the House ;— ^Have, pursuant to the Order of 
the House, examined the matters to them referred ; and have 
agreed to the following Report : 

The revival of your Committee has afforded a full oppbr- 
tunity of ascertaining how far the reduction of smoke in fur* 
naces of different descriptions can be practically accomplish- 
ed ; and the evidence detailed already^ will shew that the 
object the House had in view has been satisfactorily and 
ieffectually obtained. 

July 5, 1820. 
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Stat. 1 and 2, Geo. IF. Cap. 41. entitled 

AN ACT 

For giving greater Facility in the Fkt)secution and Abatement of 
Nuisances arising from Furnaces used in the working of Stdam 
Engines. — ^To commence Sept. 1st, 1821. 

Whereas great inconveuiencc has arisen, and a great de- 
gree of iiyury has been and is now sustained by his Miyesty's 
subjects in various parts of the United Empire, from the 
improper construction, as well as from the negligent use of 
turnaces employed in the working of Engines by Steam : 
And whereas by law, every such Nuisance, being of a public 
nature, is abateable as such by indictment ; but the expenses 
attending the prosecution thereof, have deterred parties suf- 
fering thereby, from seeking the remedy given by law :— Be 
it therefore enacted by the King's most excellent Majesty, 
by and with the advice and consent of the Lords Spiritual 
iEind Temporal, and Commons in this present Parliament as- 
sembled, and by the authority of the same. That it shall and 
maybe lawful for the court before whom any such indictment 
shall be tried, in addition to the judgment pronounced by 
the said court in case of conviction, to award such costs as 
shall be deemed proper and reasonable to the prosecutor or 
prosecutors, to be paid by the party or parties so convicted. 

And be it further enacted, that if it shall appear to the 
court before which any such indictment shall be tried, that 
the grievance may be remedied by altering the construction of 
the furnace, or any other part of the premises of the party or 
parties so indicted, it shall be lawful to the court, without 
the consent of the prosecutor, to make such order touching 
the premises, as shall be by the said court thought expedient 
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for preventiog the nDisance in future^ before passing final 
sentence upon the defendant or defendants so convicted.* 

MINUTES OF EVIDENCE, 

Be/ore a Select Committee of the House of Commons on 

Steam Packets, 

SIR HENRY PARNELL, BARONET, 

In the Chair. 

Gborob Hxnrt Frbbling, Esq, called in, and examined. 

Had the principal management of the Holyhead steam 
packets.— -The Postmasters General having been obliged to 
purchase all the sailing packets, and to clear the station for 
the introduction of those vessels, the object was, at first, to 
make the steam auxiliary to the sailing packets, but it was 
foimd that the steam packets could do even more than the 
sailing packets, consequently two sailing vessels were kept 
as auxiliary to the steam*— ^Had three steam packets em* 
ployed ; the Royal Sovereign of 210 tons, and the Meteor of 
190 ; the Sovereign is fitted with two en^es of forty-horse 
power each, and the Meteor with two engines of thirty-horse 
power 5 they were both constructed by Boulton and Watt, 
and the vessels built in the river Thames, by a person of the 
name of Evans, at Rotherhithe, on purpose for the service^^ 
under the inspection of the officers of the Navy Board ; they 
were built upon Sir Robert Sepping's principle of the diagonal 
fieisteuing, and made particularly strong. The third is the 
Ivanhoe, of 165 tons ; it was formerly on the Holyhead sta- 
tion as a private vessel, and has an engine of fifty-six horse 

* By Sectioo 3. it is provided^ that the provisions of this act 
shall not extend to Steam Engines employed solely in the workinK 
of mines, or smelting of metals. 
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power. The general effect of the experiment, in regard to 
maiutaining a communication between the two countries, faa« 
been, that the intercourse has been veiy much facilitated ; it 
is now ahnost reduced to a certainty. In the year preceding 
the introduction of the steam vessels, a hundred mails exactly 
arrived in London after they were due, and in the nine months 
that the steam vessels have, been running since May last, 
there have been twenty-two only. The weather at the begin- 
ning of the winter, was worse than has been known for more 
than sixty years. Had proof that the steam packets would 
go to sea in weather when sailing packets could not have gone^ 
to sea ; the captains had always considered that it would not: 
be prudent to go to sea, if they were obliged to be under % 
three-reefed mainsail, and the steam packets had gone out 
in weather in which the sailing packets would have been 
obliged to be so. The average of the passages of the Sove* 
reign from Howth to Holyhead, was six hours and fifty-seven 
minutes, and the Meteor seven hours and four minutes and 
a fraction. To Howth, the Sovereign seven hours, thirty^six 
minutes and a quarter; the Meteor eight hours and thirteen 
minutes : the shortest passage was from Howth, five hours 
and thirty minutes. The best point for a steam vessel, in 
very bad weather, was directly head to wind $ both wheels 
could then act at the same time. The oaptains^ sometimes 
kept the vessel away, when it was blowing very strong, two 
or three points ; then, when they got on the opposite coasts 
they would take in their sails, and steam to the harbour in 
smoother water* Conceived that the success of these two 
vessels, the Sovereign and the Meteor, might be attributed 
to the superior manner in which they were constructed. 
Had attempted to gain some information about every steam 
vessel which had been built, and was convinced those 
vessels would do what no other vessel could doj they 
would go to sea in weather when nothing else could* 

•b2 



68 Appendix. 

Attribated it not only to the machinery^.bnt to the' weight of 
the bufH ; a lighter vessel in a heavy sea would be check^d^ 
but those vessels had from their weight a momentum so 
greats that it carried them on when a lighter vessel would 
have been checked ; the weight acting as a fly-wheel, — Was 
of opinion that thi*ee packets were a sufficient number for 
maintaining the communication between Holyhead and Dub- 
lin^ so that two should sail every day. With the view that 
there might be a sufficient time allowed for looking over the 
machinery and the vessels^ it was arranged that they should 
each be six days at sea and three days in harbour^ Which 
afforded ample time for inspecting the machinery; and that 
had been fixed in a great measure with reference to the en- 
gineers themselves^ who stated that that time was more than 
snffieient for it.-^Th6re had been some accidents to the 
engines, but these had been attributed to the use of cast iron; 
the cross bars and the beams were of cast iron, and if ady 
water was in the cylinder at starting, the check caused the 
cast iron to break ; had now got them made of wrought 
iron, but the lower beams of the engines were still made of 
east iron ; there must be some part of the engine left to give 
Way in case of any emergency^ which was ' better than de- 
stroying thef cylinden-»-Believ6d the Postmasters General had. 
some idea* of trying whether what are called Scotch enginesi 
might not be better for a third vessel, in case of one being 
built ; they were more simple, though perhaps not quite so 
efficient, not so liable to derangement, and were conse^ 
quently better for a heavy sea y and if thevessel was properly 
.'built, witness did not think thei*e could be any great differ* 
jence in the rate of speed.— The boilers in the Holyhead 
packets were low pressure. Believed Mr. Watt was the in- 
ventor of the original high-pressure engine, but afterwards 
abandoned it on account of the danger.-^N6 cases of late 
had happened of accident from the bursting of boilers. 
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Gborgs Hbnrt Freeling^ Eso. again called in, and far- 
ther examined. 

Wished to explain some parts of his evidence given in a 
former day. Did not put any fuel or coals over the boiler, 
which was the cause of the Robert Bruce catching fire and 
being burnt. The coals are stowed in iron cases made for 
the purpose, in the engine room. The other point was as to 
the Ivanhoe. Witness was asked whether she was so strong 
as the other vessels, the answer was simply ^^ No." But 
she was not three years old ; she was inspected at Liverpool 
a short time ago, and appeared as strong as any of the steam 
vessels, except those on the Holyhead station. — On board 
the Royal Sovereign there are twenty births, and two rooms, 
Pfie for ladies and one for gentlemen. 

Captain William Rogers, called in, and examined. 

Commanded one of the Holyhead packets. Hadcrossr 
ed in the Meteor on the 6th of February, in the heaviest 
sea witness had seen during the eight years he had been in 
the station. Went in the Meteor on^the 5th of February, 
when no sailing packet could carry canvass 5 they must have 
laid to ; left at nine at night, and arrivedjtt six the next morn- 
ing. Was satisfied his steam vessel was capable of perform- 
ing what no sailing vessel could do. Had found that a steam 
vessel was capable of making her passage much sooner, under 
all circumstances, than a sailing vessel ; in one-half of th^ 
time upon the average. With the wind at W. N. W. blowing 
hard, and leaving Holyhead in a gale of wind, witness had 
found a steam vessel had been much easier than a sailing 
vessel; their extreme length overcame the short 80a.-rr-In 
building a steamboat she ought to have a fine cntr$^nce and 
her bow to flear off, not to shove any water before her 5 any 
water she shoves before her must be an impediment to the 
sailing 5 she should have a fine ootrance, a good line of 
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bearing^ and her transome pretty square^ and not too high; 
the more a vessel was stopped from pitching and rolling, the 
quicker she would go. Had found with regard to the 
Scotch boats that all their transomes were too high and too 
narrow, the consequence of which was, that with a head 
sea they would go with their stem under. Had seen 
them go boat and every thing under ; the transome being 
square and low and fine under, so as to give them a 
rig^t line of bearing, would stop their pitching and 
rolling, and make them easy on the sea, and add to their 
speed. The Meteor and the Sovereign were filled up solid 
to the floor-head, caulked inside and out, having no tree 
nails, but bolted and copper nailed. The bolts were driven 
upon a ring, and clenched at both ends. The dii^onal 
fastening is a plank three inches thick, fore and aft, three 
and a half thick midships, and nine wide, leading from the 
floor-head to the shelf, taking in five or six timbers ; and 
filled by trus& pieces into triangles, so that it was almost 
impossible that the form of the vessel would alter. Would 
prefer Boultoh and Watt's engine to any other ; their boil- 
ers were very superior, and never short of steam. Boulton 
and Watt had been accustomed to vessels for rivers, and 
the engines were made rather too slight for the channel ; 
the shaft was hollow, and of cast iron, but they had been 
replaced by solid shafts. Sails assisted the vessel very 
much I had used them every way^ except going head to 
wind, within four points of the wind. Had found the 
Sovereign go as fast in a calm as at any other time. It 
must not be thought that a steam boat running before the 
wind in a gale and a heavy sea, ought to make the quickest 
passage, as they were then obliged to shut off half the 
steam, or great part of it ; for should the full power be on, 
the wheels ninning two or three times round without 
touching any thing between the trough of the sea, and then 



being brought up all at once, something wotild probably 
give way. Was of opinion, that in the event of the engine 
failing, with the assistance of sails and the anchor, the 
packet might be kept in perfect safety. 

Captain WilUam Rogers, again called in, and further 

examined. 

On the 16th of May, blowing hard from the S. W. 8. T. ic» 
witness left Gravesend on board the Sovereign, in company 
with the Meteor steam packet, with seven or eight men on 
board of each. At nine anchored in the Downs, blowii^ 
very hard ; she rdde very easy with thirty-five fathom cable 
in five fathoms water. On Thmisday, the 18th, fresh gales 
from W* S. W. 5, a. m. weighed anchor and steamed for 
Portsmouth ; wind dead on end. 4. p. m. made the Owen 
Light ; hazy weather. 9. p. m. very heavy gales and thick 
weather. Asked the engineer what coals he had on board, 
and was told five hours ; were then obliged to steam in for 
the land. At 10 made the Nab Light upon the starboard 
quarter, about a quarter of a mile | shortened st^m for 
the Metmr to come up. At 11 anchored at St. Helen's, hi 
six fathoms water, with forty fethom cable ; hard gata*. 
On the 19th, 3. 80. a. m. weighed anchor and ran into 
Portsmouth harbour ; made fast to one of the buoys tflofig* 
side His Majesty's ship the Queen Charlotte ; were ttien 
employed in getting coals in, and very bad they were. At 
4. 20. got under weigh and steamed out of the harbour, 
and at 9 passed through the Needles against a flood tide. 
This day was fine weather, and light airs from the N. W. 
At 1. 30. p. M. anchored in Falmouth harbour, and remained 
a-week to clean the boilers, to caulk the decks, and so on. 
Sailed from Falmouth the 26th, wind N. W. fresh gtdes. 
At 5. 30. past the Longships Lights. At 9 in a squall, with 
heavy i-ain, the wind shifted to the N. N. E. blowing very 
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heavy and a heavy sea^ the vessels going from three knots 
to three and a half, head to wind, blowipg hard. At 7 
made Lundy Island, bearing £. by S. passed several vessels 
lying to ; passed a large smack, lying to, imder close reef* 
ed mainsail. At 8 made sail upon the vessels ; stood more 
to Jlip southward intp the Bristol Chanpel, to smoothen th^ 
water. At noon more moderate ; water smoother ; down 
all sails and steamed for Milford. At 5 anchored in Mil- 
ford, found several vessels had been out in the gale and 
obliged to put back ; the vessels that had been put back, 
bound to Liverpool, said they had never experienced worse 
weather {before for many years. On Sunday evening, the 
wind more moderate, and from N. to N. £• At 8 p. m. got 
under weigh. On Monday, at 4 p. m. arrived at Holyhead, 
Had been five days performing the voyage, with the wind 
right a-head down the English Channel and up the Irish.— r 
Considered it impossible for any square-rigged vessel, from 
a first-rate down to a sloop of war, to have effected the 
ifaine. . In the Downs passed several Indiamen, and 150 sail 
there that could not move down Channel, and at the back 
^ Dung^noQs j^assed 120 more. Witness would describe to 
the Cotamittee the exact improvement he would recom-* 
mend as to the construction of a new st^m vessel.r— Should 
make, her a foot narrower, and raise her fioorrheads a little, 
take off the roundings, with her engines put nearer the ceur 
tre, the boilers much lower, and the wheels narrower. Had 
obse^-ved in vessels with wide wheels, the lee wheel was a 
great deal under the water, and the other out; by the 
width of them it increased the angle ; and although a wide 
wheel was of great advantage in a river, it was a great 
disadvantage in a sea : supposing there were two forty- 
horse power engines, would not have more than a seven- 
feet wheel ; and if there were two thirty-horse power, 9ix 
and a half would be sufficient. On boaixl the Meteor and 
Sovereign, to prevent accidents from fire, there is water all 
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vomA the furnaces and boilers, and they are kept three feet 
from the bottom, about fifteen inches from the side, and 
twelve inches from the deck ; and it was quite impossible 
that any^cident could happen ; there is water under and on 
the sides pf the fire places :. in those boats that are fitted up 
upon the Clyde there is nothing but brick and mortar below 
the fumades. The Meteor and Sovereign have iron. 

CAPTAm William Rogers, again called in, and further 

examined. 

Jn the cvewt of building a new steam packet^ would re-* 
commend that she should be built on Sir Robert Sepping's 
plan, as to mode of fastening, &c. only a little finer at 
each end, |tnd one foot narrower than the Sovereign and 
Meteor, to be 95 feet in the keel, 105 or 106 upon deck, 
and 19 fe^t in the beam, about 180 tons, her transomes 
square, and not very high out of the water. The improve- 
ments in the engine would be to make them a little strong- 
er, and the boilers a little longer, keeping them more from 
the side of the vessel, so that the heat might not afifect her, 
jEmd more room to go round them, and to put the boilers 
lower down. It would help to prevent their rolling, T6c 
Talbot's boilers are a little higher flian the Ivanhoe's ; by 
putting the Ivanhoe's lower down, found she did not roll 
near as mujph. Would have the two main beams put close 
to the wheel, which would reduce the weight very much, 
and strengthen and make the vessel much easier, as by 
being so far asunder adds great weight, and acts as a lever. 
There should be twelve paddles, about seven feet long, and 
nineteen to twenty-one inches wide. The engine should 
be somethipg between sixty and eighty-horse power, but 
this must depend upon the fineness of the vessel, and the 
water she will draw. If the engine was to be made much 
stronger, in that case must not go further than two thirtyr 
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horse poiver engines, as then the weight might be too 
moch. Should recommend, with r^aiti to the saik, a 
large log forward, and a jib, and a fore and aft mainsafl ; 
and in case any thing should hajqien to the ei^ne, wonld 
keep a sqaare topsail on board, and a gaff topsail aft, but 
not to be nsed except in case of necessity. 

Mr. Jamss B&o\vn, called in, and examined. 

Belonged to the house of Bonlton and Watt. Super- 
intended the erection of the engines on board the Meteor 
and Sorerdgn steam packets. Generally considered tihe 
working parts, the cross bars, the side rods, and the side 
beams most liable to foil. Attributed the cross bars havii^ 
broken on board these vessels, in some instances^ to want 
of caution on the part of the engineer, and in other cases 
from stress of weather ; they were now made of wrought 
iron for sea vessels. Had put engines into most of the 
vessels on the river Thames, the Dover station, and Leith. 
Upon the Leith station one or two cross bars had broken, 
and that vras entirely from want of caution on die put of 
the en^neer in starting the ei^ine ; the other vessels were 
the Dasher and Arrow, on the Dover station ; there vras 
one accident of a cross bar breaking in the Dasher. Did 
not conceive that an engine could be made wiAout being 
liable to break ; there were some parts so small that they 
must give way, and it was better the most insignificant 
parts should fail, than some of the principal ones, because 
they were easier repaired. Would require more room than 
was granted in the Sovereign and Meteor, as it Would 
be better to get round the boilers entirely; they could 
then be painted every month, which would be a great 
advantage, for the action of the salt water is very detri- 
mental to the iron ; they ought to be pwited every three 
weeks, or every month 3 where a boiler will not leak with 
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fresh water^ it will TTith sidt water ; and it forms on inermta* 
tion upon the surface by exposure to the atmosphere ; they 
should be pumped out^ and frequently cleaned. Should 
think iiie engineer generally looked over his engine every 
morning before he started^ to see that every part was pro* 
perly oiled, and that every screw and joint was tight. If 
so inspected, once a fortnight would be sufficient to exa- 
mine the packings of the slides and pistons. Would make 
tte paddles for a new engine the same as for the Leith ves-* 
sels ; they are made with wooden floats, in one piee^, having 
three sets of arms, and the bolts are of a peculiar descrip^ 
tion, which allows the paddles to slip from the outer end 
of the arm towards the centre of the shaft, by which means 
a vessel may use her sails the same as any other vessel $ 
should any thing give way, there would be nothing but the 
arms in the water. TTiat sort of excessive violence whidi 
may contribute to injure and bpcak the engine, may be 
occasioned by any of the working parts getting loose, 
any of the screws getting between the finer parts, or the 
water getting upon the top of the piston in starting the 
engine, the latter of which is occasioned by the con- 
densed steam that forms from the boilers after the passage 
is over ; it gets through the steam pipe to the cylinder and 
condenses there, perhaps to the depth of 18 inches on the 
top of the piston, and if the engine is started suddenly 
without it being cleared away, it has not time to get 
through the thoroughfares. The consequence is, that it is 
jammed between the top of the piston and the under side 
of the cylinder cover, and risks the breakage of some part ; 
as water will not compress, something must give way, and 
the weaker parts of course will go first. Hardly thought 
it possible that fire could take place without great negli- 
gence, because the furnaces were completely surrounded 
with five inches of water round every part, and it was only 
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in nidog out the ttre, and neglecting to wmter it, that any 
aockknt coold take {dace ; it was raked out npon an iron 
floor. No reeling of the vessel could throw the fire about^ 
she must be pitching to a great d^ree if that was to take 
friaoe. Hie coals are carried in boxes in firont of the 
boilers^ so as to be right and left for the fireman. Hardly 
concrired on board these vessels^ where condensing engines 
were nsed^ that it was possible that a boiler could burst ; 
they were generally provided with two safety-valves^ and 
the steam used was about from two and a half to three 
pounds p ress ure upon a square inch, at which pressure it 
blew off by the safety-valve of its own acoHrd. — Boulton 
and Watt had made their safety-valves for many years in 
the way they now are^ inaccessible for any person to load 
them by putting additional weight upon them ; had seen 
the Scotch engine men^ in starting their engines^ place their 
feet upon the safety-valve* Supposing that the safety-valves 
should get choked^ the steam would come off at die feed 
pipes ; it would not give way under any circumstance, not 
even though the valves were choked, the pressure was so 
extremely small : the boilers were calculated to sustain 50 
times the pressure required of them. — If any part of the 
boiler, by length of use, became very thin, and gave way 
it would merely rend, if malleable iron. The accidents 
that happened from boilers, sometime ago, arose from their 
being made on the high-pressure principle, and being made 
of cast iron. The Meteor consumed about seven bushels 
of coals per hour, rather under ; she was then working 
above her full speed ; the Sovereign was from nine and a 
quarter to nine and a half; the Meteor had two thirtyr 
horse engines. Mid the Sovereign two forty-horse engines ; 
the latter, when using that quantity of coal, was going about 
nine miles and three-quarters per hour. A bushel of good 
Newcastle coal was reckoned equal tp one hundred weigt^t 
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• of Scotch coal ; so that it earner to very neariy the same 
thing ; the Scotch coal generally burnt very, iree^ and so 
did the Staffordshire^ but the bushel of Newcastle coal 
was equal to a hundred weight of either. The standard 
bushel of Newcastle coals should weigh eighty-eight 
pounds ; the best Wall's End^ eighty ; and the Wylam, 
seventy-seven. Had founds that by actual weighty the 
specific gravity of the Wylam coal was much under that 
of the Wall's End ; the latter was not good for work- 
ing engines* The best coal for steam engines was the 
Halbeath or Inverkeithing, from a place in Fife called 
Inverkeithing ; its peculiar value lay in burning free^ 
and becoming a complete white ash^ without caking upon 
the fire bars ; the sulphur in coals would destroy the fire 
bars in a short time. Had found inconvenience from salt 
fortning in the boilers ; when the man-hole cover was 
taken off^ and they were exposed to the atmosphere^ the 
water then became crystalized, which rendered them very 
difficult to clean ; this had been avoided by constructing 
pumps or cocks to let the water through the side of the 
ship without the man-hole being opened. The salt water 
oxidates iron very rapidly indeed^ if it be allowed to lie 
upon it. On board a steam vessel a boiler constantly in 
use would last from four to five years with care ; it was 
the only part of the machinery subject to decay. These 
engines^ upon the whole, require a considerable degree of 
care and superintendence, and skilful engineers ; more care 
than the land engines ; every engine requires great care. 

Captain John Percy, called in, and examined. 

Commanded the Hero steam packet, from London to 
Margate j and the Victory, belonging to the same com- 
pany ; commanded the Victory for three years ; the Hero 
was built last year. The Hero has two engines of fifty- 
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horse power, made by Murray and Penton^ oTLeeds, and 
eafries 427 tons. l%e Hero consumes pretty well three 
quarters of a chaldron, or 37 bushels of coals, London 
measure, per hour ; in general, they make away with six 
chaldrons in the passage, that was owing to the want of 
flue» ; had not flues enough \ had four fui*naces. The dis- 
tance from London to Margate was about eighty-four 
miles : generally made the passage in about seven hours 
and a half^ that was the average passage ; one passage was 
made in six hours and sixteen minutes, with the wind and 
tide. The paddles were eight feet in the centre. Had 
been trying an experiment with twelve paddles on a whed, 
and it answered very well ; last summer worked with six* 
teen paddles, thi*ee feet and a half between each. The 
paddle of the Victory Was five feet and a half, in one place i 
the Hero worked more with the paddles being further 
apart, and they were lowered a Iktle. They take of the water 
about seventeen or eighteen inches, and the engine makes 
thirty strokes per minute. She once did up to thirty-one, 
but twenty-nine and thirty is about tiie average.— TTie 
passage from London to Margate required, on an average, 
about seven hours and a half, and they went at the rate 
of between eleven and twelve miles per hour. 



REPORT. 

The Select Committee appointed to inquire into the State of the 
roads from London to Holyhead^ and from Chester to Holyhead ; 
into the regulations for conveying his Majesty's Mail beWeeil 
London and Dublin^ and between the Northern Farts of England 
and Dublin^ and between Dublin and the interior of Ireland ^ and 
into the state oi the Mail Coach Roads^ in Ireland ; and to report 



tlieir ob0enr|iticm0 {hereupon.; together with the liiifVTS* of the 
EviDBNCK taken before them, firom time to ibn^ to the House | 
—Have, pursuant to the order of the Houde, further examined 
. the Matters to th«n referred, and have agreed to the following^ 
Hejpobt : 

Your Committee have proceeded, in compliance with 
that part of the instructions of the House, which relates to 
the conveyance of his Majesty's Mails between Holyhead 
and Howth, to ex:amlne Into the circumstances attending 
the establishing of Steam Packets, at Holyhead, in the 
course of last year. For this purpose two vessels, called 
the Royal Sovereign and Meteor, were built, by order of 
the Postmasters General, in the River Thames, on a plan to 
give to them the greatest possible strength, and the advan- 
tage of the niost improved engines. The Evidence which 
has been given to your Committee by a Commander of one 
of them. Captain Rogers, leaves no doubt of the practica- 
bility of performing the Post-office service at Holyhead, by 
Steam Vessels, with as great safety as it can be perfoi-med 
by Sailing Vessels, even In the most tempestuous weather; 
and at the same time by voyages, on an average not ex- 
ceeding one-half of the number of hours which formerly 
was the average of the voyages of the Sailing Packets. But 
your Committee are not as yet prepared to enter into all 
the details of this important subject ; their object in pre- 
senting this Report to the House, is merely to convey to 
the House an opinion they have come to, in consequence 
of the evidence of Mr. George Heniy Freeling, and of Cap- 
tain Rogers, that the Postmasters General ought immedi- 
ately to give orders for building a new Steam Packet, so 
that at least there should be three Packets on the Holyhead 
Station, before the commencement of the next winter, of 
that peculiar construction which has enabled the Sovereign 
and Meteot to go to sea throughout the whole of the last 
winter. 
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Your Committee strongly recommend the same general 
plan of constniction should be adopted in building a 
new Packet, as that on which the Sovereign and Me- 
teor were built; and also, that the Engine should be 
made by Messrs. Boulton and Watt, They also recom- 
mend that the suggestions of Captain Rogers should be 
attended to in all matters respecting the building of a new 
Packet, as those suggestions will come from a person who 
appears to your Committee to possess great knowledge in 
seamanship and ship-building, and by the experience of 
commanding a steam vessel through a most tempestuous 
winter, to have made himself master of the best method of 
managing one at sea, and also of all the main properties of 
the mechanism of the engine. 

Your Committee have annexed to this Report the evi- 
dence of Mr. George Henry Freeling, Captain Rogers, Mr. 
J. Brown, and Captain John Percy, and also certain Queries 
which they have sent to several persons who have had the 
most experience in constructing and navigating steam ves- 
sels. They intend to continue their inquiries upon this 
interesting subject, and hope to present to the House a fiill 
Report upon all its details before the close of the Session^. 

April 2, 1822. 



AN ACT 

To ascertain the Tonnage of Vessels propelled by Stescm. 

59th Geo. 3. Cap. 5. Be it therefore enacted, &c. that the 
rule for admeasuring ships or vessels to be propelled by 
steam, shall be as follows ; that is to say, the length shall 
be taken on a straight line along the rabbet of the keel 
of the ship, from the back of the main stern post to a per- 
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pendicular line from the forepart of the main stem under 
the bowsprit, from which, deducting the length of the en- 
gine-room, and subtracting three-fifths of the breadth, the 
remainder shall be esteemed the just length of the keel to 
find the tonnage. And the breadth shall be taken from the 
outside of the outsidle plank in the broadest place of the 
ship or vessel, be it either above or below the main wales, 
exclusive of all manner of doubling planks that may be 
wrought upon the sides of .the ship or vessel; then multi- 
plying the length of the keel by the breadth so taken, and 
that product by half the breadth, and dividing the whole by 
ninety-four, the quotient shall be deemed the true contents 
of the tonnage, according to which rule the tonnage of all 
such ships and vessels shall be measured and ascertained; 
any thing in any act or acts to the contrary notwithstand- 
ing ; provided always, that it shall not be lawful to stow or 
place any goods (fuel for the voyage excepted) in the said 

I 

engine-room ; and if any goods shall be so stowed or placed, 
such ship or vessel shall fronx^thenceforth be deemed and 
taken to be a ship or vessel which has not been admeasured 
according to the rules of this Acf, and liable to all the con- 
sequences thereof. 
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Chronological Catalogue of JForks descriptive of thff 

Steam Engine* 

m 

BRANCAS. Le Machine, folio. JRoma, 1629 

Marquis of Worcester's Century of Inventions, 12mo. 
- Lmdony 1663, 1746; GlasgotVj 1767; London 1786, 

1813 
Papin. Recueil de Pieces, 8vo. Cassel, 1695 

Savery. The Miner's Friend, 8 vo. London, IjOi 

Isaac de Caus. New Invention of Water Works.* 

Londofi, 1704 
Ars nova ad Aquam Ignb adminiculo eflficacissime ele- 

vandum. Cassel, 1707 

John Allen. Narrative of several New Inventions and 
Experiments, particularly the navigating a Ship in a 
Calm, and Improvements on the Engine to raise 
Water by Fire, 8vo. London, 1730 

Voyage de La Motraye, en Europe, Asie, et Afrique, folio, 

3 vol. (See vol. iii. p. 360.) La Haye, 1732 

Hull's Description of a new invented Machine for 
carrying Vessels or Ships out of, or into any Harbour, 
Port or River, against Wind and Tide, 12mo. London, 1737 

* This tract contains a very accurate account of Savery*8 Engine^ 
with Plates. 
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Desagulicrs*s Course of Experimental Philosophy, 4to. 

London^ 1763 
Blackey sur les Pumpes ^ Feu, 4to. ^msterdam^ 1774 

Flick's Description of an Improved Steam Engine, 

8vo. London^ 177^ 

Leupold Theatrum Macliinarum Generale, folio, Lips. 1780 
Belidor. Architecture Hydraulique, 4to. Paris, 1782-90 
Bossut. Trait^ Th&>r]que at £xp6rimental d' Hydro- 

dynamique, 8vo. 2 vol. Paris, 1786-7 

Senphin de Mon Copi, CEuvres de. 1787 

Prony. Nouvelle . Architecture Hydraulique, 4to. 

Paris, 1790-6 
Boulton and Watt's Directions for Erecting their new 

invented Steam Engine, 8vo. 
Short Statement of Boulton and Watt, in Opposition to 

Hornblower's Renewal of Patent, 8vo. Zrondoft, 1792 

Langsdorf. Lehrbuch der Hydraulik, 4to, Altenb. 1794 
Smeaton*s Reports, 4to. London , 1797 

Curr's Coal Viewer, and Engine Builder, 4to. Sheffield, 1797 
Walker's System of Piiilosophy, 4to. 1799 

Nieuwe Verhandelingen van het Batasseh Genootschap, 

Rotterdam, 180O 
Walker on Draining Land by the Steam Engine, 8vo. 

London, 1813 
Buchanan on Propelling Vessels by Steam, S?o. 

Glasgow J 1816 
Dodd on Steam Packets, 8vo. London^ 1818 

Rees's Cyclopaedia, Art. Steam Engine. 
Robison's Mechanical Philosophy, 8vo. JLdinhurghy 1822 

Philosophical Transactions. 

Papin's Engine, vol. xix. p. 481. 1697 

Savery's Steam Engine, vol. xxi* p. 228. 1699 

Payne's new Invention of expanding Fluids, vol. xli. p. 821 1741 

Blake on Steam Engine Cylinders, vol. xlvii. p, 197* ^7^1 

*f2 
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Smeaton on de Moura's Improvements on Savery's En- 
gine, vol. xlvii« p. 436. 1751 

Fitzgerald on increasing Steam by Ventilation, vol. L 

53, 370, 1757 

HiSTOIRB DE L'ACADSMIE RoTALB PES SCIENCES* 

Amontons' Fire Wheel, p. 101. 1699 
Dupuy's Steam Engine, with De Moura's Improvements, 

p. 111. 1740 

Gensanne*s Engine, p. 60. 1744 

Lavoisier on the Expense of Steam Engines, p. 63. 1 77 1 

Machines et Inventions approuvees par JJ Academie. 

Mey and Meyer's Engine, vol. iv. p. 185. 1720 

Bosfraud's Steam Engine, vol. iv. p. 191, 199. 1720 

Geosanne's Engine^ vol. vii. p. £22. 1734 
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Air-pump, description of, 128. 
Alcohol, vapour of, its use as a substitute for steam, 33. 
America, the atmospheric engine first employed in, 46. 
Amontons, fire-wheel invented by, 20. 

Atmospheric engine, suggested by Papin, 10; applied to the 
draining of mines by Newcomen, 17 } description of, 149* 

Barometer-gauge, its use, 130, 158. 

Bell-crank engine, constructed by Boulton and Watt, 44. 

Billingsley, Mr. mode of boring cylinders by, App. 16. 

Blenkinsop, Mr. constructs an iron rail-road for locomotive en- 
gines, 50. 

Boiler, employed by Savery, 13G; Newcomen, ibid.; Boulton 
and Watt, 137; Woolf, 138; Trevithick, 139; Brunton, 
Brindley, App. 2, 25. Fide Steam Navigation. 

Books, list of those connected with the steam engine, App. 82. 

Braithwaite^ Mr. evidence upon steam navigation by, 96. 

Bramah, Mr. evidence upon steam navigation by, 80. 

Brown, Mr. evidence by, App. 74. 

Brancas, suggestion for a high-pressure steam engine by, 4. 

Brunton, Mr. evidence upon steam navigation, 106; improved 
mode of consuming smoke by, 184; App. 49, 59, 62. 

Cartwright, Mr. suggests the employment of vapour of alcohol 
as a substitute for steam, 33 >4)atents for steam engines by, 
App. 9j IS. 

Century of Inventions, notice of the steam engine to be found 
in, 5. 

Chapman, Mr. evidence upon steam navigation by, 87. 

Clyde navigation, account of, 60* 

Cold water pump, improvement in, App. 1 8. ^ 
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Collinge, Mr. evidence upon steam navigation by, 85. 
Condenser, introduced by Watt, 27 j description of, 128, 155; 

by Mr. Cartwright, App. 9. 
Congreve, Sir William, mode of cohsuming smoke and saving 

fuel, 182 ; rotatory engine by, App. 41. 
Cooke, Mr. rotatory engine by, 43. 
Counter introduced by Watt, 1331. 
Crank and fly-wheel first suggested by Hulls, 18. 
Cylinder and piston of atmospheric edgine, 123, 150; by Bouti- 

ton and Watt, 153; patents for, App. 16, 21. 

Deslandes, steam -wheel invented by, 20. 

Diagonal bracing, utility of in steam boats, App. 66. 

Dickson, improvement in steam navigation by, G3. 

Dodd, Mr. evidence upon steam navigation by^ 99. 108, 1 r?. 

Donkin, Mr. evidence upon steam navigation by, 7l» 

Double-acting engine suggested by Falck, 1 9. 

Draining land by steam engines, 20, 22. 

Edelcrantz, Chevalier, safety-valve invented by, 142. 
Eduction pipe, 155. 

Evans, Mr. high-pressure engine by, 47. 
Expansion engine invented by Mr. Watt. 
Explosion of a steam-boat at Norwich, 73. 

Feeding pipe described, 151. 

Fire regulator. Pide Brunton. 

Fire-wheel invented by Amontons, 20. 

Fly-wheel, description of, 132; rule for proportioning, IS'3 ; 
dispensed with in a rotatory engine, 1 80. 

Frangois, engine for draining land by, 20. 

Freeling, Mr. evidence by, App. 66. 

Freemantle, Mr. improved odd-water pump by^ App. 18. 

Fulton, Mr. introduces the steam-boat in America^ 58, 65. 

Furnaces, witnesses examined by Committee of House of 
Commons upon, App. 44 — 64; Brancker, 62; Brunton, 49y 
59, 62; Dugdale, 56; Finlay, 59; Gregson, 44; Hawes, 
56; Losh, 49; Mills, 56; Moult, 47; Parkes, 52; Perkins, 
55; Phipson, 54 ; Smith, 62; Spurrel, 55; Taylor, 57; Tut- 
hill, 47 ; Wakefield, 42. 
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Galloway, Mr. evidence upon steam nayigatioQ hf, 93* 
G auge-cocks described^ 151. 
Governor, description of, 135, 157. 

Hall, Mr. evidence upon steam navigation by, 97. 

High-pressure steam, its use as a prime mover, 36 ; first em- 
ployed to advantage by Treviythick and Vivian, 38 ; descrip- 
tion of, l6k 

High-pressure boiler, 138, 139> App. 26. 

Holyhead sailing packets, App. 66. 

Hornblower, engine with two cylinders by, App. Q, 10, 93. 

Hull, Mr. steam navigation suggested by, 53 ; proposes the 
employment of a crank and paddle wheels, 54. 

Hunt, Mr. account of American steam navigation by, 75. 

Jessop, Mr. evidence upon steam navigation by, 1 09. 
Kempel, rotatory engine by, 42. 

Lean, Mr. evidence upon steam navigation by, 116. 

Lester, Mr. evidence upon steam navigation by, 117. 

Leopold ascribes the invention of the high-pressure engine to 
Papin, 36. 

Locomotive engines, their employment at the Royal Arsenal in 
Paris, 50; advantageously used by Mr. Blenkinsop^ ibid,; 
patents for, App. 37, 40. 

Lushington, Mr. introduces the steam engine to Trinidad, 47* 

Linnaker, Mr. obtains a patent for improvements in steam na- 
vigation, 60. 

Lima, reception of Mr. Trevithick at, 49. % 

Maudslay, Mr. evidence upon steam navigation by, 91* 

Masterman, Mr. rotatory engine b y, '14,75. 

Mask employed in rotatory engine, I76. 

Mead, Mr. rotatory engine by, App. 32. 

Mercurial-gauge, its action described, 158. 

Meteor, steam packet, App. 66. 

Mississippi, account of steam-boats employed in its navigation, 

66, 77. 
Morland,Sir Samuel, his ingebious inventions, 7 9 table for the 

size of cylinders 6y, 10. 
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Moora, Smftifs eogioe ioiproved bjr, 13. 

Newcomeo applies the atmospheric engine to the draining of 

mines^ 17; described, 149. 
Nimmo, Mr. cridence upon steam naiigation by, 1 10. 
Norwich, aqplosion of a steam-boiler at, 7 1* 

Patents for steam engine, App. 1 — i3. Aldersej, 43 ; Barton, 37> 
42 ; Batley, 9; Bennet, 43 ; Billingsley, 16, 58 ; Bishop, 12; 
Blakey, 2; Boaz, 25; Bodley, 39; Bramah 15; Bramah 
and Dickinson, 8 ; Brindley, 2 ; Broderip, 36 ; Brodie, 25 ; 
Browne, 43; Bruntoii, 37^ 42; Burgess, 8; Cartwright, 9, 
13; Chapman, 37; Church, 41; Clegg,32; CongreYe,41; 
Crowther, 13; Dawes, 39; DevereU, 26; Dickson, 10; 
Donkin, 16; Dodd, 30; Dodd and Stephenson, 38; Dun- 
kin, 37 ; Earle, 25 ; Egells, 43 ; English, 32; Veaeuwaejer, 32; 
Flint, 28; Fnand Lean, 56; Flraser, 41 ; Freemaatle, 16 
Griffith, 43; Hague, 42; Hase, 14; Homblower, 6, 10, 23 
Hulls, 2; Jones and Flimley, 4; Lane, 32; Leach, 16 
Losh, 38, 40; Main waring, 40; Malam, 41 ; Manby, 43 
Maudslay, 31; Masterman, 43; Mead, 32; MiHer, 2B 
Moore, 42; Moult 40; Munro, ibid.; Muntz, 39; Murray 
11, 14, l6; Murdock, 11; Neville, 40; Newcomen and 
Cawley, 2 ; Nicholson, 30 ; Noble, 32, 37 ; Oldham 41, 42 
Fenneck,43; Poole,4l; Pontifex,42; Pre8ton,31; Price,t6. 
Pritchard, 43 ; Queiroz, 10 ; Rapozo, Und. ; Rastrick, 37 
Rider, 21,42; Robertson, 13; Rogers, 39; Routledge,40 
Rowntree, 10; Sadler, 9; Saiot, 16; Savery, I; Scott, 40 
Seaward, 42; Sharper, 15; Smith, 31; Steed, 6; Stein, 43 
Stenson,39; Stevens, 25; Stewart, 5; Street, 9; Strong, £6. 
Symington, 15; Thomson, 9; Tiodal, 38; Trotter, 28 
Trevithick, 15, 38; Wakefield, 63; Washborough, 5 
Watt, 3, 7; White, 37; Wilcox, 19, 29; Wilkinson, It 
Witty, 33, 35, 37 ^ Woolf, 16, 19, «6, 34; Wright, 42. 

Parkes, Mr. smoke-consuming apparatus by, App. 52; evidence 
in favour of, 53, 57. 

Papin, Dr. describes a mode of raising water by the agency of 
steam, 1 1 ; description of an atmo^heric engine by, iUd. 
improves Savery*s engine, 16. 
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Parallel motion, construction of, 132. ' 
Percy, Capt, evidence by, App. 77- 

Piston, description of, 123; improved by Woolf, liS} ex- 
panding metal, by Cartwright, 126. 
Plug-frame, its application, 31, 154. 
Pontifex, Savery's engine improved by, 145, 149. 
Portable steam engine constructed by Mr. Smeaton, 35. 

Report of Committee upon steam navigation, 118; upon steam 

engines and furnaces. App. 44. 
Richter, Mr. evidence upon steam navigation by, 103. 
Rider, Mr. improved regulator by, 21. 
Rotatory engine, suggested by Kempel, &c. 42 ; improved by 

Masterman, 43; patents for, App. 8, 9, 10, 12, 17^ 23, 28, 

29, 32, 33, 35. 
Rogers, Capt. evidence by, App. 69* 

Sadler, Mr. rotatory engine by, 9. 

Safety-valve, its use, 140. Plde Steam Navigation. 

Savery, Captain, obtains a patent for a new mode of raising 
water, 13, 14. 

Smeaton, Mr. portable steam engine, constructed by, 35. 

Smoke from steam engine furnaces, mode of consuming, 180; 
parliamentary investigation concerning, App. 44. Fide 
Patents, 

Snifting-valve described, 151. 

Soho, described by Mr. Darwin, 30. 

Sovereign steam-packet, App. 66. 

Steam, phenomena connected with the formation of, 2, 3. 

Steam-gauge its use described, 130. 

Steam-navigation, first suggested by Hulls, 54 ; attempted by 
Duquet, and the Marquis de Jouffroy, 57. 

Steam navigation, witnesses examined by Committee of House 
of Commons, 70 — 122; Braithwaite, 96; Bramah, 80 
Broderip, 43; Brunton, 106; Chapman, 87 ; Collinge, 85 
Donkin, 71 ; Dodd, 99, 108, 117 ; Galloway, 92; Hall, 97 
Hunt, 75; Jessop, 109; Lean, 116; Lester, 117; Mauds- 
lay, 91; Nimmo^ 110; Richter^ 103; Steel, 105; Taylor, 

* G 
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81, ag; TiHoch, QB; Viriao, 113; Wool^ llfl^ Wright, 

Steam-wheei intcnted bv Deslandes, 90. 

Steel, Mr. erideoce upon steam aari^ation by, 105. 

Suction-pipe, its use ia Savery's engine, 146. 

Symington, Mr. description of a steam-boat constructed by, 58. 

Taylor, Mn evidence upon steam navigation by, SI, 99* 
Thnittle-fslvi^ its me, 156. 

Tnioch, Mr. evidence upon steam navigaftion br, 98. 
Treke enploved in a rotatory engine, \T3. 

Une, Dr. experiments oonc!eming the dastic fbroe of steam by, 
^ ; suggests the employment of vaponr of aioolmi as a soiati- 
tute for steam, 33, N. 

Vivian, Mr. evidence upcm steam navigation by, 1 13. 
Voyage from London to Holyhead in a steam packet described 
App. 71. 

Watt, Mr. James, ootline of his improvements on. the steam 

engine, ^5, 33. Fide Patents. 
Witty, improved rotatory engine by, App. 33, 35. 
Woolf, Mr. temperatnre and expansive force of steam by, 39 ; 

bis double^ylinder en^ne described, l64. Wide Pazkkts. 
Worcester, Marqois of, one of the first who suggested the use of 

steam as a prime mover, 4, 5, 6, 7 ; varioos eifituns of 

work, App. 8Z 
Wright, Mr. evidence upon steam nav^tkm by, 102. 



THE END. 
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interior Viewss Ground Plan> and Detadls of that Edifice. Prom 
Drawings by J9^, G, Moss, 17 Plates, 4to., Price, in Boards, 
il. IIS. 6d. Proof Impressions on India Paper, al. ixs. 6d. 

Spicimeus of Gothic Arcbitecturef selected from the Parish Church of 
' Lavenham, in Suffolk, on 40 Plates quarto. Price iSs. boards* on 
large Paper, il. 5s. 

Dickmom*! Architectural Antiquities of Southwell, 5ec, Two Parts, 
Quarto, with 23 elegant Plates, U. Is. Boards* 

Gtitbu Omamintsof the Cathedral Church of York, by J. Haljj^immjf 
105 Plates, large Quarto. 

FragmtHta Fetusta^ or the Ancient Buildings of York* by J^Ha^- 
pentty^ 34 Plates, large Quarto. 

^bi Rudivunts of Ancient Arcbitectun, containing an Historical Account 
of the Five Orders, with their Proportions, and Examples of each 
from Antiques: Also, Extracts from yitru^uius^ PUnj^s &c. relative 
to the Buildings of the Antients. Calculated for the Use of those 
who wish to attain a summary Knowledge of the Science of Archi- 
tecture ; with a Dictionary of Terms : illustrated with 1 1 Plates. 
The Fifth Edition, Boards, 8s. 

Essays on Gotbic Arcbitecture^ by the Rev. T. Warton, Rfev. J. Bentham, 
Capt. Grose, and Rev. J. Milner. Illustrated with \% Plates of Or- 
naments, Sec. selected from Ancient Buildings, calculated to exhibit 
the various Styles of different Periods. The third Edition, with 
a List of the Cathedrals of England and their Dimensions. Octavo, 
los. 6d. Boards. 

Am Historical Survey of tbe Ecclesiastical Antitjuities of France ^ with a 
View to illustrate the Rise and Progress ot Gothic Architecture in 
Europe. By the late Rev. 6. D, IFbittingtoH, of Cambridge. 
Elegantly printed in Royal 8vo. With a Frontispiece of the Fagade 
of the Cathedral Church at Rheims. 12s. Boards. 

A Treatise on the Ecclesiastical Architecture of England^ during the 
middle Ages, with 10 illustrative Copper Plates, by the Rev.. 7. 
Milner, D. D. F. S. A. Royal Octavo, x 58. Boards. 

Observations on English Architecture^ . Military, Ecclesiastical, and 
Civil, compared with similar Buildings on the Continent j including 
a critical Itinerary of Oxford and Cambridge : also Historical Notices 
of Stained Glass, Ornamental Gardening, &c. with Chronological 
Tables, and Dimensions of Cathedrals and Conventual Churcnes, 
. by the Rev. James Dallaway, M. B. F. S. A. Royal Octavo, 
xfts. Boards. 

An- Essay on the Origin, History and Principles of Gothic Architec- 
ture, by Sir James Hally Bart, large Quarto, handsomely printed, 
with 60 Plates elegantly engraved, of select Examples, 5I. 5s. 
in Boards. 

The Builder* s Price Book ; containing a correct List of the Prices ailcwfd 
by tbe most eminent Surveyors in London to tbe several Artificers 
cmcemsd in Building : including tbe Journeymerfs Pnas. A 

new 
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nevr Edition, corrected^ by an Experienceil Suiveyor. Sewed, 4s. 
With an Abstract of tlie Building Act, and a Plate of the Walls, ice. 

Cilrwuius Britaenicus, or tbe British Architect i containing Plans, 
Elevations, and Sections of the regular Buildings, both Public and 
Private, in Great Britain. By /foo/f and Gandon, Architects, 
s Vols. Imperial Folio, iil. iis, half bound, 

N. B. Gentlemen who wish to bind these Volumes to complete 
Campbell's Vltruvius, may have them in Sheets, Price lol. los. 

There are a few Sets on hand of tlie j Volumes by Camfbill, 
Price 61. 6b. in sheets. 

The Ntw yiiru-vmi Brilantticus, consisting of Plans and Elevations of 
modern Buildings, public and private, erected in Great Britain by 
the Tao%t cekbratid Architects, engraved on 14.2 Plates, from original 
Drawings. By G. S'lcbardsm, Architect. Two Vols. Imperial 
Folio, half bound, iil. jib. 

Ptaai, Elevations, and Sections of Buildings, Public and Private, 
executed in various paKs of England, &c, inclnding the Neiu 
CttiUm House, London, with Plans, Details, and Descriptions. By 
David Lai^i F. S. A. Architect and Surveyor to theBoard of Cus- 
toms. Elegantly engraved on jg Plates. Imperial folio. Price 
5I. 59. in Boards. 

Plans, Elevations, and Sections of Buildings, executed in tbeCounties 
ui Norfolk, Suffolk, Yorkshire, Ifiltsbire, Ifariuickihire, Staffordshire, 
Semerietthire, &c. by Jobn Sonne, Architect, on 47 Folio Plates, 
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Flam, Elevation!, and Sections, of Noblemen's and Gentlemen** 
Houses, Stabling, Bridges public and private. Temples, and 
other Garden Building, executed in the Counties of Derby, 
Durham, Middlesex, Northumberland, Nottingham, York, Essex, 
Wilts, Herttbfd, Suffolk, Salop, and Surrey ; by James Paine, 
Architect. Tviro Vols, with 17S verj' large Folio Plates, 11. 81. 
half bound. 

The Deiigas o( Inigo Janes, consisting of Plans and F.levat ions for 
Public and Private Buildings; including the Detail of the intended 
Palace at Whitehall s published by W. Krnr, with some additional 
Designs, i Vols. Imperial Folio. 

Plans, Elevations, and Sections of Hot-Houits, Grien-Hmaes, an 
Aiuarium, Conseriiataries, tec. recently built in different Parts of 
England for various Noblemen and Gentlemen, by G, Tod, Sur- 
veyor and Hot'House Builder ; including a Hot-House and a 
Green-House in her Majesty's Gardens at Frogmore, on 17 Plates, 
elegantly coloured, with proper Descriptions. Folio, al. us. fid. 
in Boards. 

Designs far Villas and other Rural Buildings, by Edmund Aitin, 
Architcfti with Plans and Explanations. Together with an Intro- 
dncKWy Essay, containing Remarks on the prevailing Defefls of 
Mddern Ardritefture, and an Investigation oftlie Style best adapted 
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to the Dwdlings of the pretent Times i engraved on )i Plates large 
Qiiarto, Price il. iis. 6d. in Boards. 

A Serifs of Designs for Villas and Country Houses. Adapted with 
Ecoponiy to the Comforts and to the Elegancies of Modem Life ; 
with Plans and Explanations to each. To which is prefixed^ an 
Essay on Modern Architedtural Taste. By C A. Basfy, ArcbtieS. 
Engraved in Aquatinta, on 14 Plates, large Quarto, in Boards, iL 5^ 

Architectural Designs^ for Rustic Cottages ^ Picturesque DtveUh^s 9 ViUas^ 
Sec, with appropriate Scenery, Plans and Descriptions j to which 
are prefixed some critical Observations on their Style and Charac- 
ter; and also of Castles, Abbies, and ancient English Housesw-r- 
Goncloding with Practical Remarks on Building, aiyi the Causes 
of the Dry Rat. By iF. F, Pococi, Architect, Elegantly en- 
graved 00 33 Plates, Royal Quarto, Price li. iis, 6d. in Boards* 

Designs for Lodges, and Entrances to Parks, Paddocks, and Pleasure 
Grounds, in the Gothic, Cottage, and Fancy Styles, with charac- 
teristic Scenery and Descriptions in Letter-press, by T. D. W. Desarn, 
elegantly engraved on ao Plates, large Quarto, 11. lis. 6d. Boards. 

Sketches in Architecture, consisting of original Desigpis for Cottages 
and Rural Dwellings, suitable to Persons of moderate Fortune, and 
for convenient Retirement ; with Plans and appropriate Scenery 
to each ; also some general Observations. By T* ^P- M^ Deam^ 
Architect to his Royal Highness the Duke of Clarence* Elegantly 
engraved on 20 Plates, large Quarto, Price xl. ys. in Hovds. 

Plans and Fienus of Buildings executed in England and Scotland in 
the Castellated and other btyles. By R, Lugar, Architect, on 3^ 
Plates Royal Quarto with descriptive Letter-press, Price al. as. in 
boards. 

Architectural Sketches for Cottages, Rural Dwellings, and Villas t with 
Plans, suitable to Persons of genteel Life and moderate Fortune : 
proper for Picturesque Buildings, by. R, Lugar, Architect and 
Land Surveyor; elegantly engraved in Aquatinta, on 38 Plates, 
Boards, il. iis. 6d. 

^e Country GentUman'*s Architect, containing a Variety of Designs for 
Farm Houses and Farm Yard$ of Different Magnitudes, arranged on 
the most aprproved Principles for Arable, Grazing, Feeding and 
Dairy Farms, with Plans and Sections, shewing at large theConstru9- 
(ion of Cottages, Barns, Stables, Feeding Houses, Dairies, Brew- 
house, &c« with Plans for Stables and Dog-kennels, and soine De- 
signs for Labourers^ Cottages and small Villas. The whole adapted 
to the Use of Country Gentlemen about to build or to alter. En- 
graved on 21 Plates, with some General Observations, and full Expla- 
nations to each. By R* Lugar, Quarto, il. 5s. in Boards. 

Designs for Small Picturesque Cottages, Hunting Boxes, Park Entrances^ 
&c. by E, Gyfford, Architect. Part I. Engraved in Aquatinta, on 
ao Plates, Quarto, il. is. Boards* 

Designs for Elegant Cottages, and small Villas, calculated for the Com- 

* fort and Convenience of Persons of moderate and of ample. For- 
tune, 
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tutie, careful!/ cEudied and thrown into Penpeccive, with General 
Estiaiitts, by £. Gyfforil, ArcixhiSt. Part II, Engraved in Aqua- 
tiuta on i6 Plates, Quartoil. i is. 6d. boards. 

Jliiiii for Divelli/igi, consisting of Original Deagoa for Cott»ge«, 
F^rm-houses, VilUa, &c. plain and ornamental ; with Plans 
10 each, in which strict Attention is paid to unite Convenience 
and Elegance with Economy. Including some Designs for Town- 
bouses. By D. Lai/ig, Architect, and Surveyor. Elegantly en- 
graved on 34 Plates in Aquatinta, with appropriate Scenery. 
Quarto, il. 53. in boards. 

Shicies for Cvuntrj Homes, filial, and Rural DviclHagi ; cniculated 
for Persona of moderate Income, and for comfbrcable Retirement* 
Also some Designs for Cottages, which maybe constructed of the 
simplest Materials; witb Plans and general Estimates. Byjobm 
Pla-w. Elegantly engraved in Aquatinta on 4.1 Plaies, QuarCo, 
il, lis. fid. in Boards. 

Firme Omce, or Rural- Improvements, a Series of Domestic and Orna- 
mental Design!., suited to Parks, Plantations, Rides, Walks, Riveii, 
Farms, &c. consisting of Fences, Paddock House, a Batli, Dog- 
kennels, Pavi1i<His, Farm-yards, Fishing- houses, Sparting-Boxes, 
Shooting- lodges. Single and Double Cottages, &c. calcuU^d iof 
Landscape and Picturesque Effects. By 'Jabn Platu, Architect. 
Engraved in Aquaiinta on j8 Plates, with appropriate Scenery. 
Plans, and Explanations. Quarto. In Boards, il. lis. id. 

Ah Essay on Brtiish Collage Arcbiiectare, exemplified by fourteen 
Desigi|S| with their Plans, &c. on 23 Plates, designed aijd exe- 
cuted by James Maltoa. The Second Edition, with two additional 
Places, large Quarto, Boards, il. iis. fid. 

A Collection of Jrcbitectural Designs, for Villas, Casinos, Mansions, 
Lodges, and Cottages, from originil Drawings, by Jamtt. 
B-ondall, Architect, engraved in Aquatints, on 34 Platet, 
Folio, il. lis. 6d. 

7ht Arcbitecl and Builder's l^iscellaaj, or Pocket Libraiy; containing 
original Picturesque Designs in Architectnre, for Cottages, Farm, 
Country, and Town Houses, Public Buildings, Temples, Green- 
Houses, Bridges, Lodges and Gates for Entrances to Parks and 
Pleasure Grounds, Scabies, Monumental Tombs, Garden Seats, &c. 
By Charles Middlaon, Architect. On 60 Plates, coloured. Octavq. 
il. IS. bound. 

Cnoidtn's Coirvenicnt tad Ornamental Aribileclure ; consistii)g of Origi- 
nal Designs for Plans, Elevations and Sections, beginning with the 
Farm-house, and regularly ascending to the most grand and magni- 
ficent Villa j calculated both for Town and Country, with Expla- 
nation in Letter- press, and exact Scales. Engraved on 70 Cop- 
per-p]aies, i6s. Boards. 

A Series of Flani, for Cottages or Habitalions for the Labourer, either in 
Haabaiidry or the Mechanic Arts, adapted as well to Towns as 
to the Country. To which is added, an Introduction, containing 
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many useful Obiervatioos on this Class of builrling, tending to Ihe 
Comfort of (he Poor, and Advantage of the Builder ; with CalciiU- 
tiuns of EipensL-s, Bj- the hte Mr. J. »'at>d, of Bach, Architect. 
A new Edition, corrected to the present Time, with 30 Plaits, large 

4.(0. ll. IS. 

Tb* CtKi^ry Genilcman' I AribUicI, in a great Variety of New Designs 
for Cottages, Farm-houses, Country-houses, Villas, Lodges for 
PaFk or Garden Entrances, and ornamental wooden Gates, with 
Plans of tlie Offices belonging to each Design ; distributed with 
a strict Attention to Convenience, Elegance and Economy. 
On jsQniu'to Plates. By J. Miller, Architect. Sewed, loa, 6d. 

Siioft af tbt Loadan Arcbilectural Sneitiy. Octavo, * PLatet. jt. 
Boards. Also the Second Pan, 4. Plates, gs, 61' 

Aikin's Essay on the Doric Order, 7 Phtei, Imperial FolrO. II. 5«, 
Boards. 

Pilruviui BrilamiUui, by Campbell, j Vols, Folio, 61. Gs. in Sheeti.' 

7i/ CenlimtalKn tv CampbiU, by Wool/ and CandoB, Vol. 4 an^ J 
lol. tos. ill Sheets. 

Ckainberi'i (Sir tfiUiam) Treatise on Civil Arciiitectura. 

Cbambers'i Buildings and Views of Kxvr Gardens. 

Ciamiw/j Designs for Chinese Buildings, Src. 

Cbambtrs's Dissertation on Oriental Gardening, ^.to. 9s. 

Gim.lt on Arches, 8vo. 4 Plates. 6b. 

WflTf on Arches, and their abutment Fiers, octavo, 19 PI:iKi. 

/*'arf'* Remarks on Theatres, octavo, j Plates. 7s. 

jfMviisi^ on Arcbei, quarto. Two Parts. Plates, iSi. 

Mahm (Janei) Perspective, Quarto, il. is. 

Faille's PJeas, EU'valiem, Sec. of Noblemen's Seats, &c. folio, . ...... 

Half bound, 81.8s. ' I 

The Arcbilectural AnliquUies ef Athens, by Stuart, 4. vols, of Romt, 
Balbec, Palmyra, Pcestura, Ionia, de la Grece, ^ar Le Roy, &c. &c. 

The Unedited Antiquities of Atiica, by the Society of Dilettanti, 
Folio, elegantly engraved and printed, 10/. 101. boards, 

Pompeiana, by GeHand Ganih/. Octavo. 5!. 15s. 6d. 

Delineations of Pompeii, by Major Cockburii. Folio. 

Allajon't Views of the Antiquities of Pola. Folio. 

IKiUins' Antiquities of Magna GrKcia, Sec- Folio, 7I. 7s. 

WUkik]' Translation of VitruvJus, » vols. Qiisrto, 4I. 4s. 

NeiiJtm'i Tranilatioa of yilruviai, i vols. folio. 

Murpby'i Arabian Antiquities of Spain, 100 Plates, large folio. 

Nicbalian'i Prmciflti qf Arcbilecture, 'i vols. 8vo. jl. 3s. board^. 

NielMlJoii's Atcbiteetural Dlctionajyi 1 Vols. 4to. 
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Smealen's Deicnptioa DrtheEdystonel.ightliouse.Plates, folio. 
Rcpar/i, by J, Smealon, Civil Engineer, 3 vols. 4to. 4,!. 14s. 6d. bdei 
Smeaton's Miscellaneous Papers, 4to. il. is. Boards. 

on Water Wheels, Kvo. s Plates, 103. 6d. 

Gray's Experienced Millwright. Folio, 4+ Plates. »1. is. 

Banki on Mills, octavo, Fkces. loi. £d. boards. 

Buebanan's Pntctical Essays on Mill-Work, x Vol. 19s. boudi, 

Gregory's Treatise on Mechanics, j Vols. it. is. 

/fu^fan'j Course of Mathematics, j Vols. iI. iis, 6d. 

Hutton's Tracts on Mathematical :ind Philosophical Subjects, See. 

3 Vols. ll. IS. 

Papiuorib on die Dry Rot, js. 

i!an^fl//ontheDry Rot, 3s. 

M'WiWiajuontheDry Rot and Forest Trtes, quarto, il. us. 6d. 

Perranel lur les Ponis, i Torn, 

Belidor Scienct dei Ingetdeari, 4to. New Edition, with new Plates, &c. 

Bdidor,l' Arebitsciure Hyiiraulique, 4 Tom, Quarto. 

Kowvelle Arcb. Hydruuliquf, par ProHy, « Tom. 

Piranesi't Worh, complete, 13 Vols, large Folio, ijol. 

Rafael's Omamenit of the Valican, 3 Parts, Folio. 

Dictionnaire d" Arcbiueture, Civile, Militaire et HatiaU, far Riland, 

J Tom. Quarto, with too Plates. 
Plans, Coupes, et Elevations des plus belles Mmsons et dee Hotels, i 

Paris, et dam les Environs, avec det Orneniins. Folio, lao 

Plates. 
Durand Lefons d" Artbilieturr, i Tom. 416, 
Durand Rtcutil et Parallele des Edifices Aneieni et Moderner. 91 very 

large folio Plates. 
Plans, Coupes et Elevations de. di-verses Prodiutitas de I'Art de Im 

Cbarpente, par Krafft, iQ« Plates, large Folio. 
Omaminti di Albtrtati, j Parts, Folio, 
Museo Pio ClemeatioB, 7 Tom. 
Museo Cbiaramonti. 
Witbekingon Bridges, Drmning, &c. In German, 4 VoU. 4(0. and * 

large Atlas, 
IVitbeking des Psntt d Arches de Cbarptntt, 410. with a large Atlas- M 

lophtea. 
lU Omemtni 
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Omtmtiu di U Pautrt. 3 Voli. Folio. 

Bmirit dt Farii, par Bnuginara. 

(Ea-vrej de Wtymtiir. 

Fayagt dt la Greet, par Cboiseuil Goaffiere. 1 Vols. 

Antiqiate de Poejtum, par Delagarditle. Folio. 

Omimenidt Cauvet. Folio. 

Foyagt PiUoraqut del'lstria, par Caiai. Folio. 

l^oyage Fittoreiqat de la Suisie. 4 Vols. Folio. 

foyage Pittorisqus di tiaple it Sidle. 5 Vols. Folio. 

f^eyage FUtoresqui dei Isles dt Sieile, de Malte et de Lipari, par Hoaia^ 

4 Vol>. Folio. 
Suile di Pajiagi, de Beitrgin. Folio. 
Cabinet de Poulein. Proofs. 
Coupe de Pierre, par Gardelte. 
Canaux Na-uigablei, de Lalande, Folio. 
COHoi du Midi, par Aadreoiii. i Vols. 4to. 
Encyclopedic de I'l/igeaieur, par Delaitre, j Vols. 8vo. and Atlas ojf 

Plates. 
Pousse dei Terrei, par Maignes, 4to. 

Train de I' Art de Batir, pur Rondelet. s Volt. 4to. Plates, 
Prograinm£ du Course de Comtruelian, par Sgantua, 410. 
Decorations par Percier et Fanlams, Folio. 
Palais et Maisoni de Rame, par Percier, Folio. 
Italia avant il Doraimo di Romani, par Micali. 4 Vols. ivo. and Atlai^; 
Manuel du Touraeur. 1 Vols. 410. Plates. 
DietioTumre des Gratveurs. i Vols. 8vo. Plates. 
Memaire de l' Architecture, par Palte, 410. 
Coupt de Pierrei, de Premiere, j Vols. 4(0. 
Description da Font a Mautias, par Kigemtrlt, Folio. 
Boulel Matbints de Tbeaire. 
Serittori delPacqua. 8 Vols. 410. 
Paris et sei MoniuTUns, par Baltard. Folio. 
Musee dei Menumens Francois, par Lenoir. 6 Vol. !vo. 
Annates du Muiee, par London. 
Bossut Trait't d'Hydrodynaimqae. 1 Vols. 8vo. 
Bossut et Fialtet sur la Construction dei Digues. 
Bremontier sur U Mouvement des Ondis. 
Deeessart Traiiaux Hydrautiqtus. 3 Vols. 4to. 
DtuTttl D'Hydrauftrie. 
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Lti FlMaiiui de Paris, par Dwval. 

Gaulbty dt la Construe liati dts Fonts. 3 Vols. 4to> 

Lesagi diiiers Memoirss des Fonts it Cbaussies, i Vole. 410. 

Natntr, Fmjtl d'snt Care a Choisy. 

Satolniki Hydrodjnamiqiu. 

Berard SiBtiqae des yoales. 

Brunit, dimimion des firs qui doivtnt firmer la coupoU is la Halle aua 

Pyrt, Rttlauralhn du Pasttbeait. 

Clachar Plans dc Maisans, &c. D'ltalie, Folio. 

Costume Hollandais, Plates, coloured. 

P'oyage en HollaTide. 3 Vols. Bvo, Plates. 

Slatiiiigut d' Amsterdam. 

Guide du Vojageur ea Hollande. 

tffuj Principles of Linear Perspecti'oe, or the Art of Dtjigaiag en a 
Plane, the repreaentation of all Sorts of Objects in a more gtncral 
and simple Method than has been hitherto done. lUustrnced by ij 
Quarto Plates. By Brook Taylor, LL.D. andR.SS. The Fourth 
Edition, 8vo. 14.S. in boards. • 

Dr. Brook Taylor's Method of Ferspecti<ve made easy both in Theory and 
FraBict. By fosbua Kirif. js Copper-plates. The Third 
Edition, xl. iis. 6d. Half Bound. 

The Persfeelivt of Arcbilature, a Work entirely new ; deduced from 
the Pnnciples of Dr. Brook Taylor, and performed by two Rules 
of universal Application. With 73 Plates. By Joibua Kirby, 
Imperial Paper. 3I. js. half bound. 

The tno Frontispieces, by Hogarth, to Kirby's PerspectivCt may be 
had separate, each jS. 

Modern Finisbings for Rooms, a Series of Designs for Vestibules, HallS) 
Stair Cases, Dressing Rooms, Boudoirs, Libraries, and Drawing 
Rooms, with their Doors, Chimney Pieces, and other finishings to 
a large Scale, and the several Mouldings and Cornices at full Size, 
showing their Construction and relative Proportions: to which are 
added some Designs for Villas and Porticos, with the Rules for 
drawing the Columns, &c, at large. The whole adapted for the 
Use and Direction of every Person engaged in the practical Parf of 
Building, by ff*. F. Pococi, Architect, on 86 Plates, quarto, il. is. 

Thi Student's Instructor in drawing and working the Five Orders of 
Architecture ; fully explaining the best Methods of striking regular 
and quirked Mouldings, for diminishing and glueing of Columns 
and Capitals, for finding the true Diameter of an Order to any given 
Height, for striking the Ionic Volute circular and elliptical, with 
finished Examples, on 3 large Scale, of the Orders, their. Plaoceers, 

Sec. 



&c. and iome Designs for Door Caice, by Ptier Niihdim, engravcU 
on 41 Plates octavo. los.'fid. bouad. A new Eilitioii corrected 
and mucb enlarged. 
The Cerpenier'j Nfw Guide, being a complete Book of Lines for Car- 
pentry and Joinery, treating fiilly on Practical Geometry, Soffits, 
Brick and Plaster Groins, Niches of every Description, Sk^-lights, 
Lines for Roofs and Domes, with a great Variety of Desist for 
Roofa, Trussed Girders, Floors, Domes, Biidges, &c. SCair-cases 
and Hand'tailsof various Constructions. Angle-Bars for Shop 
Fronts, and Raking Moaldings, with many other Things entirely 
new : the Whole founded ontiue Geometrical Principles, the The- 
ory and Practice well explained and fully exemplified on S4 Copper- 
Plates } including some ObKrvations and Calculations on the 
Strength of Timber, by P. Nicbohon, 410. il. is. the Sixth Edition 
corrected and enlarged. 
7S* Carpenter and Joiner's Asmtant, containing Practical Rules foi- 
making all Kinds of Joints, and various Methods of Hingeing them 
together; for hangingofDoors on straight orcircular Plans; for fit- 
ting up Windows and Shutters to answer various Purposes, with 
Rules for hanging them ; for the Construction of Floors, Partitions, 
Soffits, Groins, Arches for Masonry : for constructing Roofs in 
the best Manner from a given Quantity of Tirabei' ; for placing of 
Bond-Timbers ; with various Methods for adjustine; Raking Pedi- 
ments, enlarging and diminishing of Mouldings, takmg Dimensioai 
for Joinery, and ibr setting out Shop Fronts ; with a new Scheme 
for constructing Stairs and Hand-rails, and for stairs having a, eL_ 
cal Well-hole, ^c. &c. To which are added. Examples of Vqriq^ 
Roofs executed, with the Scantlings from actual Measurement^ 
with Rules for Mortices and Tenons, and for fixing Iron Straps, &c. 
Also Extracts from M. Belidor, M. du Hamel, M. de Buffon, Seat 
on the Strength of Timber, with practical Observations. Illustta» 
ted with 79 Plates, and copious Explanations. By Peter tUcbolai,., 
Quarto il. is. bound. Tl.e fourth Edition, revised and correctfc^ 
Tbi Practical Home Carpenter, or ybBfi'iJnffrafWr.- containing a; 
Vajietyof useful Designs in Carpentry and Architecture i as 
tering for Groins, Niches, Sec. Examples for Roofs, Sky-Ifght^ 
&c. The Five Orders laid down by a New Scale. Mouldings, ice. 
at large, with their Enrichments. Flans, Elevations, and SectiOna 
of Houses for Town and Country, Lodges, Hot-houies, Green- 
houses, Stables, Stc. Design for a Church, with Plan, Elevation, and 
two Sections ; an Altar-piece, and Pulpit. Designs for Chimney, 
pieces, Shop Fronts, Door Cases. Section of a Dining-room and 
Library. Variety of Stair Cases, with many other important Article* 
and useful Embellishments. To which is added, a Ust of PrioM 
far Materials and Labour, Labour only, and Day Prices. The whole 
illustrated and made perfectly easy by i^g quarto Copper-plateib  
with Explanations to each. By IPilUam Pain, The sixth Edi- Y 
tion, with large Additions. i8s. bound. 
M.B. This is PAIN'S last Work. 




( 13 ) 

Tbt Cttrptiatr'i Patkit Diriclsryi containing the best Methods of 
framing Timbers of all FignreB and Dimensions, with their several 
Parts ; 3% Floors, Roofs in Ledgemeiits, their Length and 
Sackings i Trussed Roofs, Spires, and Domes, Trussing Girders, 
Paititiona, and Bridges, with Abatmenta; Centering for Arches, 
Vaults, &c. cutting Stone Ceilings, Gioina, &c. with their 
Moulds! CenfresfordrawingGothic Arches, Ellipse*, &c. With 
the Plan and Sections of a Barn. Engraved on 14 Plates, *itli 
Explanations. By If. Pain, Architect and Carpenter. Bound, js. 

Decoralioni far Parti anit Gartteni ; Designs for Gates, Garden Sents, 
Alcoves, Temples, Balbi, Entrance Gates, Lodges, Fayadet, 
Prospect Towers, Cattli Sheds, Rnins> Bridges, Green-houses, 
&c. &c. Also a Hot -house, and Hot-wsll, with Plans and Scales j 
nearly engraved on 5 5 Plates, octayo. i os. 6d, sewed. 

IJejigns in Arctilcrlare, consisting of Plans, Elevations, and Sections 
for Temple*, Baths, Cassinos, Pavilions, Garden Seats, Obelisks, 
and o:her Buildings ; for decorating Pleasure-grounds, Parks, 
Forests, &c. &c. by J aba SooKt. Engraved on jS Cupper- pbtos, 
Svo. Sewed, 6s, 

Cnitiqve jiTcbiUcture, or R^ral Amusement ; consisting «f Plans, 
and Elevations, tor Huts, Hermitages, Chinese, Gothic and Na- 
rural Grottos, Moresque Pavilions, &e. many of which may he 
executed with Flints, irregular Stones, rvide Brandies and Roots 
of Trees j containing iS Dtsigns. By W^. Wrigbl. Octavo. Sewed, 
4.S. Gd. 

Ideas jor 'Rustic Fumiftirt, proper for Garden Chairs, Summer Houses, 
Hermitages, Cottages, &c. engraved on ijPlates, Octavo, Price 49. 

Designs fur Gates and Rails, suitable to Parks, Pleaiure- Grounds, 
Balconies, &c. Also some Designs for Trellis Worlc. On %j 
J^tes. By C. Mu!dUtim. Octavo, Gs, 

Tit Carpenter') Trioiure: a Collection of Designs for Temples, with 
their Plans ; Gates, Doors, Rails, and Bridges, in cbe Gothic 
Taste, with Centres at large for striking Gothic Curves and 
Klouldings, and some Spficiment of Rails in the Clline'<e Taste, 
forming a complete System for Rural Decorations. By N. imiii, 
Architect. iG Plates. Octavo. Sewtd, £s. 6(1. 

Galhie Ardntetture improved, by Rules and Proportions In manygrand 
Designs of Columns, Doors, Windows, ChiftiOey-Pitces, Arcades, 
Colonnades, Porticos, Umbrellas, Temples, Pavilions, &c. vtitb 
Plans, Elevations, and Frohlcs, geometrically e^empliiied. By 
B. (^ T, LangUy. To which is added, an Historical Discourse on 
Gothic Aithitecture. On G4 Plates Quarto, Bound, i js. 
Designs for Memimenti, including Gravt-slone!, Compartments, WalU 
piteei, ixiATombi, Elegantly engraved on +0 quarto Plates, Half 
bound, 163. 
Pcsigna for Shop Front] and Dsir Cases, on 17 Piates. 4lo< lo*- *<J. 

Uudinei 
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Outlines of Designs for Stop Franu and Daor Caiet, witb the 

Mouldings at large, and Enrichments to each Design. Engraved 

on 14 Plales, Quafto, 5s. 
Hau.-nty's ComfUic Measurer, a new Edition) much improved, 41. 6d. 
Hoppiis'i Timber Measurer, Tables ready CJSt. 4s. 
tht Jsaier and Cabinel-maier's Darling; containing sixty different 

Designs for all Sort* of Freti, Friezes, Sic. Sewed, 3s. 
The Carpenter's Companion; containing 33 Designs for all Sorts of 

Chinese Railing and Gates, Octavo. Sewed, ss. 
The Carpenter's Complete Guiie to the whole System of Gothic 

Railing i containing 31 DesignS) with Scales to each. Octavo. 

Sewed, .s, 
A Geometrical Vieiv of ibe Fi-ve Orders of Columns in ArehileclKre 

adjusted by aliquot Parts ; whereby tlie meanest Capacity, by 

Inspection, may delineate and work an entire Order, or any Part, 

of any Magnitude required. On a Urge Sheet, is. 
Elevation of Black Friars' Bridge, with the Plan of the Foundation and 

Superstructure, hj R, Baldwin ; 11 Inches by 48 Inches, ja. 
Flans, Elevations, and Sections of the Machines and Centering used 

in erecting Black Friars' Bridge j drawn and engraved by R. 

Baldrwin, Clerk of the Work ; on 7 large Plat«E, with Explanations. 

10s. 6d. 
Elevation of the Slone Bridge built over the Severn at Sbretasbitry i 

with the Plan of the Foundation and Superstructure, elegantly 

engraved by Rooier. is. fid. 
J Treatise on Building in Water. By G. Simple, Quarto, with 6j 

Plates. 
Vlans, Elevation and Sections of the curious Wooden Bridge at 

Scbafbausen in Switzerland, built in 1760 by Ulric Grubcnmaa, 

and lately destroyed by the French, 19 Inches by 19. iis. 

coloured, with a descriptive Account in Lelter-Pi ess. 
A View of the Cast Iron Bridge erected over tbe River Thames at 

F'auiiall, elegantly engiaved in Aquatinta, from a Drawing by 



culuured impressions, ll. 
I Bridge erecting over the Meuai a 



n Bridge erected over the Tweed, 



E. Gyffard, Architect. 

A Plan and View of the Cbai. 
Bangor Ferry, Price js. 

A Plan and View of the Suspen 
by Captain Brown, js. 

Perspective View of the proposed Iron Bridge at London, of 
fioo Feet Span ; by Telford. Size 4 Feet by i Feet, Coloured al. is. 

Observations on Brick Bond, as practised at various periods j con- 
taining an Investigation of the best Disposition of Bricks in 
a Wall, for procuring the greatest possible Strength; with 
Figures repieseimng the dift'erciitModesofConsU'uctiun. Octavo, is, 

Tabtti 
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ViKblnfir tbt Purcbaiing of Eslaiex, Freehold, Copyhold, or Lesse- 
holdi Annuities, &c. and for the renewing of Leases held under 
Cathedral Churches, Colleges, or other Corporate Bodies, for 
Terma or Years certain, and for Lives. Together with several 
useful and interesting Tables, connected wjtli the subject. Also 
the Five Tables of compound Interest. By K^. tmuasd. Architect 
and Surveyor. In small Octavo for a Pocket Book, 71. in 
Boards, Second Edition, enlarged. 



BOOKS OF ORNAMENTS, &c. 

A ColUclian of Antique Vans, Altars, Pateras, Tripods, Candelabra, 
Sarcophagi, &c. from various Museums and Collections, engraved 
in Outline on 170 Plates, by H. Mans, with Historical Esiays. 
jl. 3$, Half Bound small Quarto, and on large fine Paper, jl. js. 

StUtt Creek and Roman Antiquities, from Vases, Gems, and other 
Subjects of the choicest Workmanship. Engraved on 36 Platet, 
by H. Moses, vritb Descriptions. Quaito il. is. boards. 

OTiamtntal Designs after the Manner of the Antique. Composed 
for the Use of Architects, Ornamental Painters, Statuaries, Carvers, 
Carpet, Silk, and printed Calico Manufacturers, and every Trade 
dependent on the Fine Arts, by O. Smith, with Descriptions. 
QuarlD. Neatly engraved in Outline, Koyal 4(0. on 43 Plates, 
lYice il. IS. in Boards. 

A CollcHiait df Designs for Modern Embellishments suitable to Par- 
lours, Dining and Drawing Rooms, Folding Doors, Chimney 
Pieces, Varandss, Frizes, &c. By C. A. Busby, AribiteS ; neatly 
engraved on 1+ Plates, 1401' which are elegantly coloured! large 
Quarto. Price il. iis. 6d. 

Designs for the Decoration of Rooms in the various Styles of 
modern Embellishment. With Pilasters and Frizes at large. On 
ao folio Plates, Drawn and Etched by G. Cooper, Draftsman and 
Decorator, il. is, 

Qmamenls Displayed, on a full Size for working, proper for all Car- 
vers, Painters, &c. containing a Variety of accurate Examples of 
Foliage and Prizes, elegantly engraved in the Manner of Chalks, 
on J J large Folio Plates. Sewed, ijs. 

Pergalesi's Ornaments in the Etruscan and Grotesque Styles, targe 
Folio, Boards. 

A Neui Book of Ornamtnls ; containing a Variety of elegant Designi 

, for modern Pannels, commonly executed in Stucco, Wood, or 
Painting, and used in Decorating principal Rooms. Drawn and 
etched by F, ColuTnbani. Quarto. Sewed, 7s. (id. 

^i« Princ'ipUi of Draiising Ornaments made easy, by proper Examples 
of Leaves for Mouldings, Capitals, Scrolls, Husks, Foliage, &c. 
Engraved in Imitation of Drawings, on 16 Plates, with Initruc- 

■..^rJ■., tiou 
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ttonsfor leannng without a Master. Particularly tiaefii] to Carvers. 
Cabinet makeri, Stn ceo- workers. Painters, Smiths, and every one 
concerned in OmalTient:!! Decorations. By an Arliit. Quarto. 
Sewed, 4;i fid, 

Ornanaatal Iran Work, or Designs in the present Taste, for Fan- 
lights, Slair-Case Railing, Window Guard Irons, Lamp-Irons, 
Misadoes, and G^tes. With a Scheme for adjusting Designs with 
Facility and Accuracy to any Slope. Engraved on ti Platen. 
Quarto. Sewed, 63. 

/jaru'/ new Book of Ornaments. Sewed, 15. 



An interior View of Durham Catbtdral, and a View of the elegant 
Getbk Sbrine ih the same. Elegantly engraved on tno large Sheets. 
Sze 19 by t». The Pair izs. 

An exterior and interior View of Si. Gilei'i Cbureb in the T'uldi, 
engraved by Walker. Size 18 Inchesbyis. ThePairjB. 

A North-west View of Greenwich Church, la. 

A View of the Roman Catholic Chapel at G/ojgow. By Gillespie 
sdA La^ara. il. is. Proofs, 1 1. li. 

A View of Shoreditch Church, 38 Inches by 10, js. 

An elegant engraved Vien of the Moaiimeat at London, with the 
Parts geometrically I Size 11 by 31 Inches, from an Original, 
by Sir C. Wren, 75. 6d. 

Sir Chrijtophcr Wreu't Plan for rebuilding the Cilj of London after the 
great'Fire, ifi6C. is. 

West Elevation of Turk Miniltr, elegantly engraved from a Draw- 
ing by James Molten, Price 15s. 

Tie Building Act of tbe j^b Geo, III. with Plates shewing the proper 
Thickness of Patty Walls, External Walls, and Chimneys. A 
complete Index, List of Surveyors and their Resiliences, ice. In a 
shiall Pocket Size. Sewed, 3s. 

N. B. The Notice ond Certificate required by the above Aft, 
may be had printed with blank Spaces for filling up. Price id. each. 

Experiments and Observations made with a View of Improving the 

Art of composing and applying C'aicortoHjOwra/f, and of preparing 

^lifVi liimj with the iThettry of these Arts, SyE.Hiffgiiu, M. D. 

d General Hiiierj/ of lillund Navigaiioa. Foreigaoad Domeilic ; laataiaiag 

U CompUle Accounl of I be Canah alnady enecuudiii Eaglaad^ tviii 

CvHsiderationi on those projei^ieJ : to •wbiib are added, Praiiical Oiner- 

•uaiimi!. AneinBdit. Oeta'oo, los, fid. Boards. 

ul^.Alap of Engknd, shewing the Lines of the CaiiaU executeil, 

.^r, t^ose proposBti, and the navigable Rivers, coloured. On a large 

-^uiWwt, ss. 

Remarkable 
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Remarkable Ruins and Romantic ProtpectB of North Britam* with 
- ancient Monuments and singular Subjects of Natural Hist0«y» 
l^tbeiS^v. CCorMnfTt of Banf, with 909 Plates, elegantly e9w 
grated by Maxell, a Vols. Quarto, si. 5s. Bofu:c|^. 

A new Collection of 100 Views in Rome and its Vicinityy heatly 
engraved by Prtmti, Quarto, Price il. is. 

An Enquiry into the Changes of Taste in Landscape Gardpnjng ) 
to which are added, some Observations on its Theory and Practice, 
including a Defence of the Art. By H. Repton^ Esq. Qctavo, 5s. 

Lectures on the Art of Engravings delivered at the Royal Institution 
of Great Britain. By John Landsitr^ Engraver %o the King. 
06tavo, Price ids. 6d. Boards. 

Specimens of Ancient Carpentry ^ consisting of Framed Roofs selected 
from various Ancient Buildings, Public and Private. A|$o son^e 
Specimens of Mouldings for Cornices, Doors, and Windows, bv 
the late Mr.Jamef Smith, engraved on 36 Plates, Quarto, Prict 
I as. sewed.. 

A COLLECTION of DESIGNS f<^r Household Furniture s^pd 
• interior Decoration, in the most approved and elegant T^ste, viz. 
Curtains, Draperies, Beds, Cornices, ChfLifS 4pud Sofas for Parlors, 
Libraries, Drawing Roonis, 8cc. Library Fauteuils, Seats, Otton^^ns, 
Chaise X^ngue, Tables for Libraries, Writing, Work;, Dressing, &c. 
Sideboards, Celerets, Book-cases, Screens, Candelabri, Chiffoniers, 
Commodes, Pier Tables, Wardrobes, Pedestals, Glasses, Mirrors, 
Lamps, Jardiniers, &c. with various Designs for Rooms, Geometri- 
cal and in Perspective, shewing the Decorations, Adjustment of the 
Furniture, and also some general Observations, and a Description 
of each Plate. By George Smith, Upholder Extraordinary to his 
Royal Highness the Prince of Wale^. Elegantly engraved on 1 5S 
Plates, with Descriptions. Royal Quarto, Price 4!. 14s. 6d. in 
Boards, and elegantly coloured 7I. 17s. 6d. 

Designs for HoHsebold Furniture, e;i:hibiting a Variety of Elegant and 
Useful patterns, in the Cabinet, Chair, and Upholstery Branches. 
3y the late T. Sheraton, Engraved on 84 Folio Plates, Price 
3L 13s. 6d. in Boards. 

Mechanical Exercises ; or, the Elements and Practice of Carpentry, 
Joinery, Bricklaying, Masonry, Slating, Plastering, Paintin*r. 
Smithing, and Turning. Containing a full Description of the 
Tools belonging tx> each Branch of Business, and (^opiou? Directions 
for tt^ir Use: wi^h ^ Explanation of the Terms used in each Ai t i 
and an Introduction to Practical Geometry. Illustrated by 39 
Pla(e9, 'fiy Petef Nicholson* Octavo^ 18s. Boards, 21s. Bound. 

An Essaj on the Shafts of MiUs ; containing their Pescriptioja' 
Use, with the Kinds of Stress to which they are subject, ^ 
Inquiry into th«r Stiffness* S^ength, Durability, and Prop^ 
W«ch a Variety of useful TaMes> ' Als9 ui introductory ^(^ 
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l>f the Progreii and ImprovemeDt of Mill-work* By^ RoiirUoH 
Bufbammj Engineer. Illustrated with Three Plates, Price 7s. Boards. 

Essays on the Construction and Durability of the Longitudinal 
Connexions of Shafts denominated Couplings.-^n Methods of 
Disengaging and Re-ensaging Machinery! while in Motion.— 
On Mechanism for Equuizing the Motion of Mills, denominated 
Lift-Tenters, Engine Governors, and Water- Wheel Governors.— 
On the Velocity of Water- Wheels.— On Changing the Velocity 
of Machinery while in Motion.-^-On the Framing of Mill-Woric. 
By Robertson Buchanan, Engineer. Illustrated with 1 5 Plates, Price 
las. in Boards. 

Oiirr*s Coal Viewer and Engine Builder*s Practical Companion. 
Quarto, 2]. iis. 6d. 

Snuaton^s Experiments on Under-shot and Orer-^shot Water Wheels^ 
&c. Octavo, with five Plates, i os. 6d. Boards. 

Experimental Enquiries concerning the Principle of the lateral 
Communication of Motion in Fluids ; applied to the Explanation 
of various Hydraulic Phenomena. By /. P, yenturi. Translated 
from the French by U^. Nicboison, with Plates, 4s. 

A Treatise on the Teetb of fTbeels, Pimons^ &c. d<;monstrating the 
best Form which can be given them for the various Purposes of Ma- 
chinery; such as Mill- work, Clock-work, &c. and the Art of finding 
their Numbers, translated from the French of M, Camus^ with Addi- 
tions, illustrated by 15 Plates, Octavo, 10s. 6d. 

Observations on the Design jor the llheatre Rdjalf Dhiry Lane, as 
executed in the Year 1812 j accompanied by Plans, Elevations, and 
Sections of the same, engraved on Eighteen Plates. By Benfamin 
ffyattf F. S. A. Architect. Royal Quarto, iL iis. 6d. Boards. 

JUST PUBLISHED. 

THE ELGIN MARBLES of the Temple of Minerva at Athens, 
engraved on Sixty-One Plates, selected from Stuart and Revett*s 
Antiquities of Athens; to which are added, the Report ^mthcf 
Select Committee of the House of Commons respecting the Earl of 
£lgin*s ColleAion of Sculptured Marbles, and an Historical 
Account of the Temple. Imperial Quarto, Price 5I. 5s. Boards. 

Remarks on the Construction of Hot- Houses^ pointing out the roost 
advantageous Forms, Materials, and Contrivances^ to be used in 
their construction. Also, a Review of the various .Methods of 
building them in foreign Countries, as weU as in England. With 
10 Plates, from Etchings on Stone. By /. C. Loudonf F. L. S. 
Quarto, 15s. Boards. 

An Essay on the Strength and Stress of Timber, founded Upon Expe- 
riments jperfbrmed at the Royal Military Academy, on Specimens 
selected from the Royal Arsenal, and his Majesty^s Dock Yard at 
Woolwich ; preceded by an Historical Review of former Theories 
and Experiments. Also, an Appendix on the Strength of Iron, and 

other 
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DiiigntfiiT Cburcbes and Cbapeti, including Plans, Elevations, and 
Sections, with some Sketclies for Altars and Pulpits. By W. F. 
Pactek, Architect. Engraved on 44. Quarto Plates, Price il. iis.Sd. 
in Boards, 
A Treatise on the CoKstructkn ef Staircasei and Handrails, allowing 
Plans and Elevations of the viirioui forms of Stairs, methods of 
projecting the Twist and Scroll of the Handrail, an expeditioui 
method of squaring the Nail, general methods of describing Ihe 
Scroll, and forming it out of the Solids. Useful also to Smiths ia 
 forming Iron Rails, Strops, &c. With a new method of applying 
the Face-mould to the Plank without levelling the Edge. Preceded 
by some necessary Problems in practical Geometry j with the 
Sections and Coverings of Prismatic Solids. Illustrated by Thirty- 
nine Engi-avings. By Peter J^ichotsoit, Author of the Carpentet'i 
New Guide, the Joiner's Assistant, &c. &c. Quarto, lEs, boards. 
EUmmtary PrindpUi of Carftnlry ; a Treatise on the Pressure and 
Equilibrium of Beams and Timber Frames, the Kesistance of 
Timbers, and the Construction of Floors, Roofs, Centres, Bridge.!, 
&c. i with Practical Rules and Examples. To which Is added, an 
Essay on the Nature and Properties of Timber, including the 
Methods of Seasoning, and the Causes and Prevention of Decay; 
with Descriptions of the Kinds of Wood used in Building; also 
numerous Tables of the Scantlings of Timber for different Pur- 
poses, the Specific Gravities of Materials, £fc. Quarto. Illus- 
trated by Twenty-two Engravings. By Tbamat TredgeU. Quarto, 
il. 4s. boards. 
A Practical Essay on the Strength ^ Cast Iron ; intended for the As- 
sistance of Engineers, Iron Masters, Architects, Millwrights, 
Founders, Smiths, and others engaged in the Construction of 
Machines, Buildings, &c. Containing Practical Rules, Tables, and 
Examples. Also an Account of some neio Experiments, with an 
extensive Table of the Properties of Materials. By Thamas Tredgald, 
Civil Engineer, Member of the Institution of Civil Engineers, &c. 
Octavo, 4plates, iss. Boards. 
Oraamenls selected from the Antique, lithographed on 11 leavel 
Folio, il. IS. sewed. Exhibiting a variety of Foliage and Fragmeii ti 
of Ornaments at large, in a bold and free Style. 
The Riidimenis ofDra'wiiig Cttbiasi and Upbelstiry Furniture, contain- 
ing ample Instructions for designing and delineating the different 
Articles of those Branches perspectively and geometrically. 
Illustrated with appropriate Diagrams and Designs, proportioned 
upon Architectural Principles, on 32 Platesj many of which are 
coloured. The Second Edition ; to which is added an Elucidation 
of the Principles of Drawing Ornaments, exemplified on 7 Plates. 
By Rkbard Broiun. In QuarCOi il. lis. fid. Boards. 
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Works lately Published by J. Taylor. 

A 

PRACTICAL ESSAY 

ON THE 

STRENGTH OF CAST IRON, 

INTENDED FOR THE ASSISTANCE OF 

Engineers, Iron Masters, Architects, Millwrights, Founders, Smiths, and 
others engaged in the construction of Machines, Buildings, &c. 

CONTAINING 

PRACTICAL RULES, TABLES, AND EXAMPLES ; 

ALSO AN ACCOUNT OF SOME 

NEW EXPERIMENTS^ 

fF'ith (in extensive 7 able of the 

PROPERTIES OF MATERIALS. 

By THOMAS TREDGOLD, Civil Engineer. 

Illustrated by Four Engravings, price I2s. boards* 

ELEMENTARY 

PRINCIPLES OF CARPENTRY; 

A TREATISE 

ON THE PRESSURE AND EQUILIBRIUM OF BEAMS AND TIMBER FRAMES; 

THE RESISTANCE OF TIMBER; AND THE CONSTRUCTION OF 

FLOORS, ROOFS, CENTRES, BRIDGES, &c. 

With Practical Mules and Examples: 

TO WHICH 18 ADDED, 

AN ESSAY ON THE NATURE AND UtOFERTIES OF TIMBER, 

Including the methods of Seasoning, and the causes and prevention of Decay, 
with descriptions of the kinds of Wood used in Building. 

ALSO, 

Numerous Tables of the Scantlings of Timber for diflferent purposes, the 

specific gravities of Materials, &c. 

By THOMAS TREDGOLD, Civil Engineer. 
Illustrated by Twenty-two Plates, price II, 4s, boards. 



'* These remarks point oot the qnaliiications which a writer ought to possess; vix. to a sonnU 
practical knowledge of his subject, he ought to unite such a portion of tlicoretical mechanics, as 
will enable him to make a judicious selection of results firom theoretical authors, and to point 
out the inconsistencies of certain principles which have been already introduced into general 
practice. These qualifications we have no hesitation in stating, after a very attentive tzamina- 
tion of the work before ns, are displayed in a superior degree by its author/' 

Mimthly EevUw, 



2 JForksi lately published by J. Taylor. 

AN ESSAY ON THE SHAFTS OF MILLS ; 

CONTAINING THEIR DESCRIFTION AND USE, 

WITH THE KINDS OF STRESS TO WHICH IHET ARE SUBJECT, Ain> AN 
INQUIRY INTO THEIR STIFFNESS, STRENGTH, DURABlLmr, 

AND PROPORTION; 

WITH 

A VARIETY OF USEFUL TABLES. 

ALSO 

An Introductory Account 

OF THE 

s 

PROGRESS AND IMPROVEMENT OF MILL-WORK, 

By ROBERTSON BUCHANAN, Engipeer. 

Illustrated with Three Plates, price 7*- boards. 



ESSAYS 

ON THE CONSTTRUCnON AND DURABIUTy OP THE 

LONGITUDINAL CONNECTIONS OF SHAFTS 

DENOMINATED COUPLINGS ; 

On Methods **?)£ Disengaging and R(B-engaging Machinery, 
while in Motion. — On Mechanism for Equalizing the Mo- 
tion of MillS; denominated Lift-Tenters, Engine Gover- 
nors, ^and Water- Wheel Governors. — On the Velocity of 
Water- Wheels— On Changing the Velocity of Machinery 
while in Motion. — On the Framing of Mill-Work. 

By ROBERTSON BUCHANAN, Engioeer. 

Illustrated with Fifteen Plates, price 12*. boards. 



